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ANTIBODY SPECIFICFORMIUTANT 
PRESENILIN 1 

RELATED APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 09/689,159, filed Oct. 12, 2000, now U.S. Pat. 
No. 6,998.467 which is a divisional of U.S. patent application 
Ser. No. 08/509,359, filed Jul. 31, 1995, now Abandoned, 
which is a continuation-in-part of U.S. patent application Ser. 
No. 08/496,841, now U.S. Pat. No. 6,210,919, filed Jun. 28, 
1995, which is a continuation-in-part of U.S. patent applica 
tion Ser. No. 08/431,048, now U.S. Pat. No. 6,531,586, filed 
Apr. 28, 1995. 

FIELD OF THE INVENTION 

The present invention relates generally to the field of neu 
rological and physiological dysfunctions associated with 
Alzheimer's Disease. More particularly, the invention is con 
cerned with the identification, isolation and cloning of the 
gene which when mutated is associated with Alzheimer's 
Disease as well as its transcript, gene products and associated 
sequence information and neighbouring genes. The present 
invention also relates to methods of diagnosing for and detec 
tion of carriers of the gene, Alzheimer's Disease diagnosis, 
gene therapy using recombinant technologies and therapy 
using the information derived from the DNA, protein, and the 
metabolic function of the protein. 

BACKGROUND OF THE INVENTION 

In order to facilitate reference to various journal articles, a 
listing of the articles is provided at the end of this specifica 
tion. 

Alzheimer's Disease (AD) is a degenerative disorder of the 
human central nervous system characterized by progressive 
memory impairment and cognitive and intellectual decline 
during mid to late adult life (Katzman, 1986). The disease is 
accompanied by a constellation of neuropathologic features 
principal amongst which are the presence of extracellular 
amlyoid or senile plaques and the neurofibrillary degenera 
tion of neurons. The etiology of this disease is complex, 
although in some families it appears to be inherited as an 
autosomal dominant trait. However, even among these inher 
ited forms of AD, there are at least three different genes which 
confer inherited susceptibility to this disease (St. George 
Hyslop et al., 1990). The 4 (Cys 112Arg) allelic polymor 
phism of the Apollipoprotein E (AopE) gene has been associ 
ated with AD in a significant proportion of cases with onset 
late in life (Saunders et al., 1993: Strittmatter et al., 1993). 
Similarly, a very small proportion of familial cases with onset 
before age 65 years have been associated with mutations in 
the f-amyloid precursor protein (APP) gene (Chartier-Harlin 
et al., 1991: Goate et al., 1991; Murrellet al., 1991: Karlinsky 
et al., 1992; Mullan et al., 1992). A third locus (AD3) asso 
ciated with a larger proportion of cases with early onset AD 
has recently been mapped to chromosome 14q24.3 (Schel 
lenberg et al., 1992; St. George-Hyslop et al., 1992; Van 
Broeckhoven et al., 1992). 

Although chromosome 14q carries several genes which 
could be regarded as candidate genes for the site of mutations 
associated with AD3 (e.g. cf.OS, alpha-1-antichymotrypsin, 
and cathepsin G), most of these candidate genes have been 
excluded on the basis of their physical location outside the 
AD3 region and/or the absence of mutations in their respec 
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tive open reading frames (Schellenberg, G D et al., 1992; Van 
Broeckhoven, Cet al., 1992; Rogaev et al., 1993; Wong et al., 
1993). 
There have been several developments and commercial 

directions in respect of treatment of Alzheimer's disease and 
diagnosis thereof. Published PCT application WO9423049 
describes transfection of high molecular weight YAC DNA 
into specific mouse cells. This method is used to analyze large 
gene complexes, for example the transgenic mice may have 
increased amyloid precursor protein gene dosage, which 
mimics the trisomic condition that prevails in Downs Syn 
drome and the generation of animal models with B-amyloi 
dosis prevalent in individuals with Alzheimer's Disease. Pub 
lished international application WO 94 00569 describes 
transgenic non-human animals harbouring large trans genes 
Such as the transgene comprising a human amyloid precursor 
protein gene. Such animal models can provide useful models 
of human genetic diseases such as Alzheimer's Disease. 

Canadian Patent application 2096911 describes a nucleic 
acid coding for amyloid precursor protein-cleaving protease, 
which is associated with Alzheimer's Disease and Downs 
syndrome. The genetic information may be used to diagnose 
Alzheimer's disease. The genetic information was isolated 
from chromosome 19. Canadian patent application 2071105, 
describes detection and treatment of inherited or acquired 
Alzheimer's disease by the use of YAC nucleotide sequences. 
The YACs are identified by the numbers 23CB10, 28CA12 
and 26FF3. 

U.S. Pat. No. 5,297,562, describes detection of Alzhe 
imer's Disease having two or more copies of chromosome 21. 
Treatment involves methods for reducing the proliferation of 
chromosome 21 trisomy. Canadian Patent Application 
2054302, describes monoclonal antibodies which recognize 
human brain cell nucleus protein encoded by chromosome 21 
and are used to detect changes or expression due to Alzhe 
imer's Disease or Down's Syndrome. The monoclonal anti 
body is specific to a protein encoded by human chromosome 
21 and is linked to large pyramidal cells of human brain 
tissue. 

By extensive effort and a unique approach to investigating 
the AD3 region of chromosome 14q, the Alzheimer's related 
membrane protein (ARMP) gene has been isolated, cloned 
and sequenced from within the AD3 region on chromosome 
14q24.3. In addition, direct sequencing of RT-PCR products 
spanning this 3.0 kb clNA transcript isolated from affected 
members of at least eight large pedigrees linked to chromo 
Some 14, has led to the discovery of missence mutations in 
each of these different pedigrees. These mutations are absent 
in normal chromosomes. It has not been established that the 
ARMP gene is causative of familial Alzheimer's Disease type 
AD3. In realizing this link, it is understood that mutations in 
this gene can be associated with other cognitive, intellectual, 
or psychological disease such as cerebral hemorrhage, 
Schizophrenia, depression, mental retardation and epilepsy. 
These phenotypes are present in these AD families and these 
phenotypes have been seen in mutations of the APP protein 
gene. The Amyloid Precursor Protein (APP) gene is also 
associated with inherited Alzheimer's Disease. The identifi 
cation of both normal and mutant forms of the ARMP gene 
and gene products has allowed for the development of screen 
ing and diagnostic tests for ARMP utilizing nucleic acid 
probes and antibodies to the gene product. Through interac 
tion with the defective gene product and the pathway in which 
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this gene product is involved, gene therapy, manipulation and 
delivery are now made possible. 

SUMMARY OF THE INVENTION 

Various aspects of the invention are summarized as fol 
lows. In accordance with a first aspect of the invention, a 
purified mammalian polynucleotide is provided which codes 
for Alzheimer's related membrane protein (ARMP). The 
polynucleotide has a sequence which is the functional equiva 
lent of the DNA sequence of ATCC deposit 97 124, deposited 
Apr. 28, 1995. The mammalian polynucleotide may be in the 
form of DNA, genomic DNA, cDNA, mRNA and various 
fragments and portions of the gene sequence encoding 
ARMP. The mammalian DNA is conserved in many species, 
including human and rodents, example, mice. The mouse 
sequence encoding ARMP has greater than 95% homology 
with the human sequence encoding the same protein. 

Purified human nucleotide sequences which encode 
mutant ARMP have mutations at nucleotide position i) 685, 
A->Cii) 737, A->G iii) 986, C->A, iv) 1105, C->G, v) 1478, 
G->A, vi) 1027, C->T, vii) 1102, C->T and viii) 1422, C->G 
of Sequence ID No. 1 as well as in the cDNA sequence of a 
further human clone of a sequence identified by ID NO: 133. 
The nucleotide sequences encoding ARMP have an alter 

native splice form in the genes open reading frame. The 
human cDNA sequence which codes for ARMP has sequence 
ID No. 1 as well as sequence SEQID NO:133 as sequenced in 
another human clone. The mouse sequence which encodes 
ARMP has SEQID NO:3, as well as SEQID NO:135 derived 
from a further clone containing the entire coding region. 
Various DNA and RNA probes and primers may be made 
from appropriate polynucleotide lengths selected from the 
sequences. Portions of the sequence also encode antigenic 
determinants of the ARMP. 

Suitable expression vectors comprising the nucleotide 
sequences are provided along with Suitable host cells trans 
fected with such expression vectors. 

In accordance with another aspect of the invention, purified 
mammalian Alzheimer's related membrane protein is pro 
vided. The purified protein has an amino acid sequence 
encoded by polynucleotide sequence as identified above 
which for the human is SEQID NO: 2 and SEQID NO: 134 
(derived from another clone). The mouse amino acid 
sequence is defined by SEQID NO. 4 and SEQID NO: 136, 
the later being translated from another clone containing the 
entire coding region. The purified protein may have substitu 
tion mutations selected from the group consisting of positions 
identified in SEQID NO: 2 and Sequence ID NO: 134. 

i) M 146L 
ii) H 163R 
iii) A 246E 
iv) L 286V 

vi) A 260 V 
vii) A285 V 
viii) L 392 V 
In accordance with another aspect of the invention, are 

polyclonal antibodies raised to specific predicted sequences 
of the ARMP protein. Polypeptides of at least six amino acid 
residues are provided. The polypeptides of six or greater 
amino acid residues may define antigenic epitopes of the 
ARMP. Monoclonal antibodies having suitably specific bind 
ing affinity for the antigenic regions of the ARMP are pre 
pared by use of corresponding hybridoma cell lines. In addi 
tion, other polyclonal antibodies may be prepared by 
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4 
inoculation of animals with Suitable peptides or holoprotein 
which add suitable specific binding affinities for antigenic 
regions of the ARMP. 

In accordance with another aspect of the invention, an 
isolated DNA molecule is provided which codes for E5-1 
protein. A plasmid including this nucleic acid was deposited 
with the ATCC under the terms of the Budapest Treaty on Jun. 
28, 1995 and has been assigned ATCC accession number 
97214. 

In accordance with another aspect of the invention, purified 
E5-1 protein is provided, having amino acid SEQID NO: 138. 

In accordance with another aspect of the invention a bio 
assay is provided for determining if a subject has a normal or 
mutant ARMP, where the bioassay comprises: 

providing a biological sample from the Subject 
conducting a biological assay on the sample to detect a 

normal or mutant gene sequence coding form ARMP, a nor 
mal or mutant ARMP amino acid sequence, or a normal or 
defective protein function. 

In accordance with another aspect of the invention, a pro 
cess is provided for producing ARMP comprising culturing 
one of the above described transfected host cells under suit 
able conditions, to produce the ARMP by expressing the 
DNA sequence. Alternatively, ARMP may be isolated from 
mammalian cells in which the ARMP is normally expressed. 

In accordance with another aspect of the invention, is a 
therapeutic composition comprising ARMP and a pharma 
ceutically acceptable carrier. 

In accordance with another aspect of the invention, a 
recombinant vector for transforming a mammalian tissue cell 
to express therapeutically effective amounts of ARMP in the 
cells is provided. The vector is normally delivered to the cells 
by a suitable vehicle. Suitable vehicles include vaccinia virus, 
adenovirus, adeno associated virus, retrovirus, liposome 
transport, neuraltripic viruses, Herpes simplex virus and 
other vector systems. 

In accordance with another aspect of the invention, a 
method of treating a patient deficient in normal ARMP com 
prising administering to the patientatherapeutically effective 
amount of the protein targeted at a variety of patient cells 
which normally express ARMP. The extent of administration 
of normal ARMP being sufficient to override any effect the 
presence of the mutant ARMP may have on the patient. As an 
alternative to protein, Suitable ligands and therapeutic agents 
Such as Small molecules and other drug agents may be Suit 
able for drug therapy designed to replace the protein and 
defective ARMP, displace mutant ARMP, or to suppress its 
formation. 

In accordance with another aspect of the invention an 
immuno therapy for treating a patient having Alzheimer's 
Disease comprises treating the patient with antibodies spe 
cific to the mutant ARMP to reduce biological levels or activ 
ity of the mutant ARMP in the patient. To facilitate such 
amino acid therapy, a vaccine composition may be provided 
for evoking an immune response in a patient of Alzheimer's 
disease where the composition comprises a mutant ARMP 
and a pharmaceutically acceptable carrier with or without a 
suitable excipient. The antibodies developed specific to the 
mutant ARMP could be used to target appropriately encap 
Sulated drugS/molecules, specific cellular/tissue sites. Thera 
pies utilizing specific ligands which bind to normal or wild 
type ARMP of either mutant or wildtype and which augments 
normal function of ARMP in membranes and/or cells or 
inhibits the deleterious effect of the mutant protein are also 
made possible. 

In accordance with another aspect of the invention, a trans 
genic animal model for Alzheimer's Disease which has the 
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mammalian polynucleotide sequence with at least one muta 
tion which when expressed results in mutantARMP in animal 
cells and thereby manifests a phenotype. For example, the 
human Prion gene when overexpressed in rodent peripheral 
nervous system and muscle cells causes a quite different 
response in the animal than the human. The animal may be a 
rodent and is preferably a mouse, but may also be other 
animals including rat, pig, Irosophila melanogaster, C. 
elegans (nematode), all of which are used for transgenic 
models. Yeast cells can also be used in which the ARMP 
Sequence is expressed from an artificial vector. 

In accordance with another aspect of the invention, a trans 
genic mouse model for Alzheimer's Disease has the mouse 
gene encoding ARMP human or murine homologues mutated 
to manifest the symptoms. The transgenic mouse may exhibit 
symptoms of cognitive memory or behavioral disturbances. 
In addition or alternatively, the symptoms may appear as 
another cellular tissue disorder Such as in mouse liver, kidney, 
spleen or bone marrow or other organs in which the ARMP 
gene is normally expressed. 

In accordance with another aspect of the invention, the 
protein can be used as a starting point for rationale drug 
design to provide ligands, therapeutic drugs or other types of 
Small chemical molecules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various aspects of the invention are described hereinafter 
with respect to the drawings wherein: 

FIG. 1a. Genomic physical and transcriptional map of the 
AD3 region of chromosome 14. Genetic map inter-marker 
genetic distances averaged for male and female meiosis are 
indicated in centiMorgans. 

FIG.1b. Is the constructed physical contig map of overlap 
ping genomic DNA fragments cloned into YACs spanning a 
FAD locus on chromosome 14q. 

FIG. 1c. Regions of interest within the constructed physi 
cal contig map. 

FIG. 1d. Transcriptional map illustrating physical loca 
tions of the 19 independent longer cDNA clones. 

FIG. 2(a). Automated fluorescent chromatograms repre 
senting the change in nucleic acids which direct (by the 
codon) the amino acid sequence of the gene; Met 146 Leu. 

FIG. 2(b). Automated fluorescent chromatograms repre 
senting the change in nucleic acids which direct (by the 
codon) the amino acid sequence of the gene; His 163 Arg. 

FIG. 2(c). Automated fluorescent chromatograms repre 
senting the change in nucleic acids which direct (by the 
codon) the amino acid sequence of the gene; Ala 246 Glu. 

FIG. 2(d). Automated fluorescent chromatograms repre 
senting the change in nucleic acids which direct (by the 
codon) the amino acid sequence of the gene; Leu 286 Val. 

FIG. 2(e). Automated fluorescent chromatograms repre 
senting the change in nucleic acids which direct (by the 
codon) the amino acid sequence of the gene; CyS 410 Tyr. 

FIG.3a. Hydropathy plot of the putative ARMP protein. 
FIG. 3b. A model for the structural organization of the 

putative ARMP protein. Roman numerals depict the trans 
membrane domains. Putative glycosylation sites are indi 
cated as asterisks and most of the phosphorylation sites are 
located on the same membrane face as the two acidic hydro 
phillic loops. The MAP kinase site is present at residue 114. 
FAD mutation sites are indicated by horizontal arrows. 

FIG. 4 shows the predicted structure of the E5-1 protein. 
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6 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

In order to facilitate review of the various embodiments of 
the invention and an understanding of various elements and 
constituents used in making the invention and using same, the 
following definition of terms used in the invention description 
is as follows: 

Alzheimer Related Membrane Protein gene (ARMP 
gene)—the chromosome 14 gene which when mutated is 
associated with familial Alzheimer's Disease and/or other 
inheritable disease phenotypes (e.g., cerebral hemorrhage, 
mental retardation, Schizophrenia, psychosis, and depres 
sion). This definition is understood to include the various 
sequence polymorphisms that exist, wherein nucleotide Sub 
stitutions in the gene sequence do not affect the essential 
function of the gene product, as well as functional equivalents 
of the nucleotide sequences of SEQ ID NO:1, SEQ ID 
NO:133, SEQ ID NO:3 and SEQ ID NO: 135. This term 
primarily relates to an isolated coding sequence, but can 
include Some or all of the flanking regulatory elements and/or 
introns. The term ARMP gene includes the gene in other 
species analogous to the human gene which when mutated is 
associated with Alzheimer's Disease. 

Alzheimer Related Membrane Protein (ARMP) the pro 
tein encoded by the ARMP gene. The preferred source of 
protein is the mammalian protein as isolated from humans or 
animals. Alternatively, functionally equivalent proteins may 
exist in plants, insects and invertebrates (such as C. elegans). 
The protein may be produced by recombinant organisms, or 
chemically or enzymatically synthesized. This definition is 
understood to include functional variants such as the various 
polymorphic forms of the protein wherein amino acid Substi 
tutions or deletions within the amino acid sequence do not 
affect the essential functioning of the protein, or its structure. 
It also includes functional fragments of ARMP. 
Mutant ARMP gene The ARMP gene containing one or 

more mutations which lead to Alzheimer's Disease and/or 
other inheritable disease phenotypes (e.g., cerebral hemor 
rhage, mental retardation, Schizophrenia, psychosis, and 
depression). This definition is understood to include the vari 
ous mutations that exist, wherein nucleotide Substitutions in 
the gene sequence affect the essential function of the gene 
product, as well as mutations of functional equivalents of the 
nucleotide sequences of SEQ ID NO:1, SEQ ID NO:133, 
SEQID NO:3 and SEQID NO:135 (the corresponding amino 
acid sequences). This term primarily relates to an isolated 
coding sequence, but also can include some or all of the 
flanking regulatory elements and/or introns. 
MutantARMP a mammalian protein that is highly analo 

gous to ARMP in terms of primary structure, but wherein one 
or more amino acid deletions and/or substitutions result in 
impairment of its essential function, so that mammals, espe 
cially humans, whose ARMP producing cells express mutant 
ARMP rather than the normal ARMP demonstrate the symp 
toms of Alzheimer's Disease and/or other relevant inheritable 
phenotypes (e.g. cerebral hemorrhage, mental retardation, 
Schizophrenia, psychosis, and depression). 
mARMP gene—mouse gene analogous to the human 

ARMP gene. Functional equivalent as used in describing 
gene sequences and amino acid sequences means that a 
recited sequence need not be identical to the definitive 
sequence of the Sequence ID Nos but need only provide a 
sequence which functions biologically and/or chemically the 
equivalent of the definitive sequence. Hence sequences which 
correspond to a definitive sequence may also be considered as 
functionally equivalent sequence. 
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mARMP mouse Alzheimer related membrane protein, 
analogous to the human ARMP, encoded by the mARMP 
gene. This definition is understood to include the various 
polymorphic forms of the protein wherein amino acid Substi 
tutions or deletions of the sequence does not affect the essen 
tial functioning of the protein, or its structure. 

Mutant maRMP amouse protein which is highly analo 
gous to mARMP in terms of primary structure, but wherein 
one or more amino acid deletions and/or substitutions result 
in impairment of its essential function, so that mice, whose 
mARMP producing cells express mutant mARMP rather than 
the normal mARMP demonstrate the symptoms of Alzhe 
imer's Disease and/or other relevant inheritable phenotypes, 
or other phenotypes and behaviours as manifested in mice. 
ARMP carrier—a mammal in apparent good health whose 

chromosomes contain a mutant ARMP gene that may be 
transmitted to the offspring and who will develop Alzhe 
imer's Disease in mid to late adult life. 

Missense mutation—A mutation of nucleic acid sequence 
which alters a codonto that of anotheramino acid, causing an 
altered translation product to be made. 

Pedigree—In human genetics, a diagram showing the 
ancestral relationships and transmission of genetic traits over 
several generations in a family. 

E5-1 gene—the chromosome 1 gene which shows homol 
ogy to the ARMP gene and which when mutated is associated 
with familial Alzheimer's Disease and/or other inheritable 
disease phenotypes. This definition is understood to include 
the various sequence polymorphisms that exist, wherein 
nucleotide Substitutions in the gene sequence do not affect the 
essential function of the gene product, as well as functional 
equivalents of the nucleotide SEQID NO:137. This term also 
includes the gene in other species analogous to the human 
gene described herein. 

E5-1 protein the protein encoded by the E5-1 gene. This 
term includes the protein of SEQID NO: 138 and also func 
tional variants such as the various polymorphic and splice 
variant forms of the protein wherein amino acid substitutions 
or deletions within the amino acid sequence do not affect the 
essential functioning of the protein. The term also includes 
functional fragments of the protein. 

Mutant E5-1 gene—the E5-1 gene containing one or more 
mutations which lead to Alzheimer's Disease. This term is 
understood to include the various mutations that exist, 
wherein nucleotide Substitutions in the gene sequence affect 
the essential function of the gene product. 

Mutant E5-1 protein—a protein analogous to E5-1 protein 
but wherein one or more amino acid deletions and/or substi 
tutions result in impairment of its essential function Such that 
mammals, especially humans, whose E5-1 producing cells 
express mutant E5-1 protein demonstrate the symptoms of 
Alzheimer's disease. 

Linkage analysis—Analysis of co-segregation of a disease 
trait or disease gene with polymorphic genetic markers of 
defined chromosomal location. 
hARMP gene Human ARMP gene. 
ORF Open reading frame. 
PCR Polymerase chain reaction. 
contig continuous cloned regions. 
YAC yeast artificial chromosome. 
RT-PCR reverse transcription polymerase chain reac 

tion. 
SSR—Simple sequence repeat polymorphism. 
The present invention is concerned with the identification 

and sequencing of the mammalian ARMP gene in order to 
gain insight into the cause and etiology of familial Alzhe 
imer's Disease. From this information, Screening methods 
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8 
and therapies for the diagnosis and treatment of the disease 
can be developed. The gene has been identified, cDNA iso 
lated and cloned, its transcripts and gene products identified 
and sequenced. During Such identification of the gene, con 
siderable sequence information has also been developed on 
intron information in the ARMP gene, flanking untranslated 
information and signal information and information involv 
ing neighbouring genes in the AD3 chromosome region. 
Direct sequencing of overlapping RT-PCR products spanning 
the human gene isolated from affected members of large 
pedigrees linked to chromosome 14 has led to the discovery 
of missense mutation which co-segregate with the disease. 

Although it is generally understood that Alzheimer's Dis 
ease is a neurological disorder, most likely in the brain, 
expression of ARMP has been found in varieties of human 
tissue such as heart, brain, placenta, lung, liver, skeletal 
muscle, kidney and pancreas. Although this gene is expressed 
widely, the clinically apparent phenotype exists in brain 
although it is conceivable that biochemical phenotypes may 
exist in these other tissues. As with other genetic diseases 
such as Huntington's Disease and APP Alzheimer's, the 
clinical disease manifestation may reflect different biochem 
istries of different cell types and tissues (which stem from 
genetics and the protein). Such findings suggest that AD may 
not be solely a neurological disorder but may also be a sys 
temic disorder, hence requiring alternative therapeutic strat 
egies which may be targeted to other tissues or organs or 
generally in addition or separately from neuronal or brain 
tissues. 
The ARMP mutations identified have been related to 

Alzheimer's Disease pathology. With the identification of 
sequencing of the gene and the gene product, probes and 
antibodies raised to the gene product can be used in a variety 
of hybridization and immunological assays to screen for and 
detect the presence of either a normal or mutated gene or gene 
product. 

Patient therapy through removal or blocking of the mutant 
gene product, as well as Supplementation with the normal. 
gene product by amplification, by genetic and recombinant 
techniques or by immunotherapy can now be achieved. Cor 
rection or modification of the defective gene product by pro 
tein treatment immunotherapy (using antibodies to the defec 
tive protein) or knock-out of the mutated gene is now also 
possible. Familial Alzheimer's Disease could also be con 
trolled by gene therapy in which the gene defect is corrected 
in situ or by the use of recombinant or other vehicles to deliver 
a DNA sequence capable of expressing the normal gene prod 
uct, or a deliberately mutated version of the gene product 
whose effect counter balances the deleterious consequences 
of the disease mutation to the affected cells of the patient. 
The present invention is also concerned with the identifi 

cation and sequencing of a second gene, the E5-1 gene on 
chromosome 1, which is associated with familial Alzheimer's 
Disease. 

Disease mechanism insights and therapies analogous to 
those described above in relation to the ARMP gene will be 
available as a result of the identification and isolation of the 
E5-1 gene. 
Isolating the Human ARMP Gene 
Genetic Mapping of the AD3 Locus. 

After the initial regional mapping of the AD3 gene locus to 
14q24.3 near the anonymous microsatellite markers D14S43 
and D14S53 (Schellenberg, G D et al., 1992; St. George 
Hyslop, Pet al., 1992; Van Broeckhoven, C et al., 1992), 
twenty one pedigrees were used to segregate AD as a putative 
autosomal dominant trait (St. George-Hyslop Pet al., 1992) 



US 7,507,798 B2 

and to investigate the segregation of 18 additional genetic 
markers from the 14q24.3 region which had been organized 
into a high density genetic linkage map (FIG. 1b) (Weissen 
bach et al., 1992; Gyapay et al., 1994). Pairwise maximum 
likelihood analyses previously published confirmed substan 
tial cumulative evidence for linkage between FAD and all of 
these markers (Table 1). However, much of the genetic data 
Supporting linkage to these markers were derived from six 
large early onset pedigrees FAD1 (Nee et al., 1983) FAD2 
(Frommeltet al., 1991), FAD3 (Goudsmitet al., 1981; Pollen, 
1993), FAD4 (Foncinet al., 1985) TOR1.1 (Bergamini, 1991) 
and 603 (Pericak-Vance et al., 1988) each of which provide at 
lease one anonymous genetic marker from 14q24.3 (St. 
George-Hyslop, P. et al., 1992). 

In order to more precisely define the location of the AD3 
gene relative to the known locations of the genetic markers 
from 14q24.3, recombinational landmarks were sought by 
direct inspection of the raw haplotype data only from geno 
typed affected members of the six pedigrees showing defini 
tive linkage to chromosome 14. This selective strategy in this 
particular instance necessarily discards data from the recon 
structed genotypes of deceased affected members as well as 
from elderly asymptomatic members of large pedigrees, and 
takes no account of the Smaller pedigrees of uncertain linkage 
status. However, this strategy is very sound because it also 
avoids the acquisition of potentially misleading genotype 
data acquired either through errors in the reconstructed geno 
types of deceased affected members arising from non-pater 
nity or sampling errors or from the inclusion of unlinked 
pedigrees. 
Upon inspection of the haplotype data for affected sub 

jects, members of the six large pedigrees whose genotypes 
were directly determined revealed obligate recombinants at 
D14S48 and D14S53, and at D14S258 and D14S63. The 
single recombinant at D14S53, which depicts a telomeric 
boundary for the FAD region, occurred in the same AD 
affected subject of the FAD1 pedigree who had previously 
been found to be recombinant at several other markers located 
telomeric to D14S53 including D14S48 (St. George-Hyslop, 
P et al., 1992). Conversely, the single recombinant at 
D14S258, which marks a centromeric boundary of the FAD 
region, occurred in an affected member of the FAD3 pedigree 
who was also recombinant at several other markers centro 
meric to D14S258 including D14S63. Both recombinant sub 
jects had unequivocal evidence of Alzheimer's Disease con 
firmed though standard clinical tests for the illness in other 
affected members of their families, and the genotypes of both 
recombinant Subjects was informative and co-segregating at 
multiple loci within the interval centromeric to D14S53 and 
telomeric to D14S258. 

When the haplotype analyses were enlarged to include the 
reconstructed genotypes of deceased affected members of the 
six large pedigrees as well as data from the remaining fifteen 
pedigrees with probabilities for linkage of less than 0.95, 
several additional recombinants were detected at one or more 
marker loci within the interval between D14S53 and 
D14S258. Thus, one additional recombinant was detected in 
the reconstructed genotype of a deceased affected member of 
each of three of the larger FAD pedigrees (FAD1, FAD2 and 
other related families), and eight additional recombinants 
were detected in affected members of five smaller FAD pedi 
grees. However, while Some of these recombinants might 
have correctly placed the AD3 gene within a more defined 
target region, we were forced to regarded these potentially 
closer “internal recombinants' as unreliable not only of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
reasons discussed earlier, but also because they provided 
mutually inconsistent locations for the AD3 gene within the 
D14S53-D14S258 interval. 

Construction of a Physical Contig Spanning the AD3 Region. 
As an initial step toward cloning the AD3 gene a contig of 

overlapping genomic DNA fragments cloned into yeast arti 
ficial chromosome vectors, phage artificial chromosome vec 
tors and cosmid vectors was constructed (FIG. 1b). FISH 
mapping studies using cosmids derived from the YAC clones 
932c7 and 964 f5 suggested that the interval most likely to 
carry the AD3 gene was at least five megabases in size. 
Because the large size of this minimal co-segregating region 
would make positional cloning strategies intactable, addi 
tional genetic pointers were sought which focused the search 
for the AD3 gene to one or more subregions within the inter 
val flanked by D14S53 and D14S258. Haplotype analyses at 
the markers between D14S53 and D14S258 failed to detect 
statistically significant evidence for linkage disequilibrium 
and/or allelic association between the FAD trait and alleles at 
any of these markers, irrespective of whether the analyses 
were restricted to those pedigrees with early onset forms of 
FAD, or were generalized to include all pedigrees. This result 
was not unexpected given the diverse ethnic origins of our 
pedigrees. However, when pedigrees of similar ethnic descent 
were collated, direct inspection of the haplotypes observed on 
the disease bearing chromosomes segregating in different 
pedigrees of similar ethnic origin revealed two clusters of 
marker loci (Table 2). The first of these clusters located cen 
tromeric to D14S77 (D14S786, D14S277 and D14S268) and 
spanned the 0.95 Mb physical interval contained in YAC 
78842 (depicted as region B in FIG. 1c). The second cluster 
was located telomeric to D14S77 (D14S43, D14S273, and 
D14S76) and spanned the -1 Mb physical interval included 
within the overlapping YAC clones 964c2, 74163, 797d 11 
and part of 854 f5 (depicted as region A in FIG. 1c). Identical 
alleles were observed in at least two pedigrees from the same 
ethnic origin (Table 2). As part of the strategy, it was reasoned 
that the presence of shared alleles at one of these groups of 
physically clustered marker loci might reflect the co-inherit 
ance of a small physical region Surrounding the ARMP gene 
on the original founder chromosome in each ethnic popula 
tion. Significantly, each of the shared extended haplotypes 
were rare in normal Caucasian populations and allele sharing 
was not observed at other groups of markers spanning similar 
genetic intervals elsewhere on chromosome 14q24.3. 
Transcription Mapping and Preliminary Analysis of Candi 
date Genes 
To isolate expressed sequences encoded within both criti 

cal intervals, a direct selection Strategy was used in involving 
immobilized, cloned, human genomic DNA as the hybridiza 
tion target to recover transcribed sequences from primary 
complementary DNA pools derived from human brain 
mRNA (Rommens et al., 1993). Approximately 900 putative 
cDNA fragments of size 100 to 600 base pairs were recovered 
from regions A and B in FIG. 1c. These fragments were 
hybridized to Southern blots containing genomic DNAs from 
each of the overlappingYAC clones and genomic DNAs from 
humans and other mammals. This identified a subset of 151 
clones which showed evidence for evolutionary conservation 
and/or for a complex structure which Suggested that they were 
derived from spliced mRNA. The clones within this subset 
were collated on the basis of physical map location, cross 
hybridization and nucleotide sequence, and were used to 
screen conventional human brain cDNA libraries for longer 
cDNAs. At least 19 independent cDNA clones over 1 kb in 
length were isolated and then aligned into a partial transcrip 
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tion map of the AD3 region (FIG. 1d). Only three of these 
transcripts corresponded to known characterized genes 
(cFOS, dihydrolipoamide succinyl transferase and latent 
transforming growth factor binding protein 2). 
Recovery of Potential Candidate Genes 

Each of the open reading frame portions of the candidate 
genes were recovered by RT-PCR from mRNA isolated from 
post-mortem brain tissue of normal control Subjects and from 
either post-mortem brain tissue or cultured fibroblast cell 
lines of affected members of six pedigrees definitively linked 
to chromosome 14. The RT-PCR products were then screened 
for mutations using chemical cleavage and restriction endo 
nuclease fingerprinting single-strand sequence conforma 
tional polymorphism methods (Saleeba and Cotton, 1993; 
Liu and Sommer, 1995), and by direct nucleotide sequencing. 
With one exception, all of the genes examined, although of 
interest, were not unique to affected Subjects, and did not 
co-segregate with the disease. The single exception was the 
candidate gene represented by clone S182 which contained a 
series of nucleotide changes not observed in normal Subjects, 
but which altered the predicted amino acid sequence in 
affected Subjects. Although nucleotide sequence differences 
were also observed in Some of the other genes, most were in 
the 3' untranslated regions and none were unique to Ad 
affected subjects. 
The remaining sequences, a Subset of which are mapped in 

FIG. 1b together with additional putative transcriptional 
sequences not identified in FIG. 1c, are identified in the 
sequence listings as 14through 43. The SEQID NOS:14 to 43 
represent neighbouring genes or fragments of neighbouring 
genes adjacent the haRMP gene or possibly additional cod 
ing fragments arising from alternative splicing of the 
hARMP SEQ ID NOS:44-126 and SEQ ID NOS:150-160 
represent neighboring genomic fragments containing both 
exon and intron information. Such sequences are useful for 
creating primers, for creating diagnostic tests, creating 
altered regulatory sequences and use of adjacent genomic 
sequences to create better animal models. 
Characterization of the hARMP Gene 

Hybridization of the S182 clone to northern blots identified 
a transcript expressed widely in many areas of brain and 
peripheral tissues as a major 3.0 kb transcript and a minor 
transcript of 7.0 kb. Although the identity of the ~7.0 kb 
transcript is unclear, two observations Suggest that the ~3.0 kb 
transcript represents an active product of the gene. Hybrid 
ization of the S182 clone to northern blots containing mRNA 
from a variety of murine tissues, including brain, identifies 
only a single transcript identical in size to the ~3.0 kb human 
transcript. All of the longer cDNA clones recovered to date 
(2.6-2.8 kb), which include both 5' and 3' UTRs and which 
account for the -3.0 kb band on the northern blot, have 
mapped exclusively to the same physical region of chromo 
some 14. From these experiments the ~7.0 kb transcript could 
represent either a rare alternatively spliced or polyadenylated 
isoform of the -3.0 transcript or could represent another gene 
with homology to S182. 

The nucleotide sequence of the major transcript was deter 
mined from the consensus of eleven independent longer 
cDNA clones and from 3 independent clones recovered by 
standard 5' rapid amplification of cDNA ends and bears no 
significant homology to other human genes. The cDNA of the 
sequenced transcript is provided in SEQ ID NO:1 and the 
predicted amino acid sequence is provided in SEQID NO:2. 
The cDNA sequence of another sequenced human clone is 
also provided as SEQID NO:133 and its predicted amino acid 
sequence is provided in SEQID NO:134. 
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Analysis of the 5' end of multiple cDNA clones and RT 

PCR products as well as corresponding genomic clones indi 
cates that the 5' UTR is contained within at least two exons 
and that transcription either begins from two different start 
sites and/or that one of the early 5' untranslated exons is 
alternatively spliced (Table 6). The longest predicted open 
reading frame contains 467 amino acids with a small alterna 
tively spliced exon of 4 aminc acids at 25 codons from the 
putative start codon (Table 3). This putative start codon is the 
first in phase ATG located 63 bp downstream of a TGA stop 
codon and lacks a classical Kozak consensus sequences 
around the first two in-phase ATG sequences (Rogaer et al., in 
preparation). Like other genes lacking classical strong start 
codons, the putative 5' UTR of the human transcripts are rich 
in G.C. 

Comparison of the nucleic acid and predicted amino acid 
sequences with available databases using the BLAST align 
ment paradigms revealed modest amino acid similarity with 
the C. elegans sperm integral membrane protein SPE-4 
(p=1.5e, 24-37% identity over three groups of at least fifty 
residues) and weaker similarity to portions of several other 
membrane spanning proteins including mammalian chro 
mogranin A and alpha Subunit of mammalian Voltage depen 
dent calcium channels (Altschul et al., 1990). This clearly 
established that they are not the same gene. The amino-acid 
sequence similarities across putative transmembrane 
domains may occasionally yield alignment that simply arises 
from the limited number of hydrophobic amino acids, but 
there is also extended sequence alignment between S182 
protein and SPE-4 at several hydrophillic domains. Both the 
putative S182 protein and SPE-4 are predicted to be of com 
parable size (467 and 465 residues, respectively) and to con 
tain at least seven transmembrane domains with a large acidic 
domain preceding the final predicted transmembrane 
domains with a large acidic domain preceding the final pre 
dicted transmembrane domain. The S182 protein does have a 
longer predicted hydrophillic region at the N terminus. 

Further investigation of the haRMP has revealed a host of 
sequence fragments which form the haRMP gene and 
include intron sequence information, 5' end untranslated 
sequence information and 3' end untranslated sequence infor 
mation (Table 6). Such sequence fragments are identified in 
Sequence ID Nos. 6 to 13. 

Mutations in the S182 Transcript 
Direct sequencing of overlapping RT-PCR products span 

ning the 3.0 kb S182 transcript isolated from affected mem 
bers of the six large pedigrees linked to chromosome 14 led to 
the discovery of eight missense mutations in each of the six 
pedigrees (Table 7, FIG. 2). Each of these mutations co 
segregated with the disease in the respective pedigrees FIG. 
3(a) (b) (c) (d) (e), and were absent from 142 unrelated 
neurologically normal Subjects drawn from the same ethnic 
origins as the FAD pedigrees (284 unrelated chromosomes). 
The location of the gene within the physical interval seg 

regating with AD3 trait, the presence of eight different mis 
sense mutations which co-segregate with the disease train in 
six pedigrees definitively linked to chromosome 14, and the 
absence of these mutations in 284 independent normal chro 
mosomes cumulatively confirms that the haRMP gene is the 
AD3 locus. Further biologic support for this hypothesis arises 
from the fact that the residues mutated in FAD kindreds are 
conserved in evolution (Table 3) and occur in domains of the 
protein which are also highly conserved, and from the fact 
that the S182 gene product is expressed at high levels in most 
regions of the brain including the most severely affected with 
AD. 
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The DNA sequence for the haRMP gene as cloned has 
been incorporated into a plasmid Bluescript. This stable vec 
tor has been deposited at ATCC under accession number 
97 124 on Apr. 28, 1995. 

Several mutations in the haRMP gene have been identified 
which cause a severe type of familial Alzheimer's Disease. 
One, or a combination of these mutations may be responsible 
for this form of Alzheimer's Disease as well as several other 
neurological disorders. The mutations may be any form of 
nucleotide sequence alteration or Substitution. Specific dis 
ease causing mutations in the form of nucleotide and/or 
amino acid Substitutions have been located, although we 
anticipate additional mutations will be found in other fami 
lies. Each of these nucleotide substitutions occurred within 
the putative ORF of the S182 transcript, and would be pre 
dicted to change the encoded amino acid at the following 
positions, numbering from the first putative initiation codon. 
The mutations are listed in respect of their nucleotide loca 
tions in SEQ ID NO:1 and SEQ ID NO:133 (an additional 
human clone) and amino acid locations in SEQID NO:2 and 
SEQID NO:134 (the additional human clone). 

i) 685, A->C Met 146 Lell 

ii) 737, A->G His 163 Arg 

iii) 986, C->A Ala 246 Glu 

iv) 1105, C->G Lieu. 286 Wall 

v) 1478, G->A Cys 410 Tyr 

Wi) 1027, C-T Ala 260 Wall 

vii) 1102, C->T Ala 285 Wall 

viii) 1422, C->G Leul 392 Wall 

The Met146Leu, Ala246Glu and Cys410Tyr mutations 
have not been detected in the genomic DNA of affected 
members of the eight remaining Small early onset autosomal 
dominant FAD pedigrees or six additional families in our 
collection which express late FAD onset. We predict that such 
mutations would not commonly occur in late onset FAD 
which has been excluded by genetic linkage studies from the 
more aggressive form of AD linked to chromosome 14q24.3 
(St. George-Hyslop, Petal., 1992: Schellenberget al., 1993). 
The His 163 Arg mutation has been found in the genomic 
DNA of affected members of one additional FAD pedigree for 
which positive but significant statistical evidence for linkage 
to 14 becomes established. Age of onset of affected members 
was consistent with affected individuals from families linked 
to chromosome 14. 

Mutations Ala260Val, Ala285Val, and Leu392Val all occur 
within the acidic hydrophilic loop between putative trans 
membrane 6 (TM6) and transmembrane (TM7) (FIG. 6). Two 
of the mutations (A260V: A285V) and the L286V mutation 
are also located in the alternative spliced domain. 

All eight of the mutations can be assayed by a variety of 
strategies (direct nucleotide sequencing, allele specific oli 
gos, ligation polymerase chain reaction, SSCP, RFLPs etc.) 
using RT-PCR products representing the mature mRNA/ 
cDNA sequence or genomic DNA. Allele specific oligos were 
chosen for assaying the mutations. For the A260V and the 
A285V mutations, genomic DNA carrying the exon was 
amplified using the same PCR primers and methods as for the 
L286V mutation. PCR products were then denatured and slot 
blotted to duplicate nylon membranes using the slot blot 
protocol described for the C410T mutation. 
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Of all of the nucleotide substitutions co-segregated with 

the disease in their respective pedigrees, none were seen in 
asymptomatic family members aged more than two standard 
deviations beyond the mean age of onset, and none were 
present on 284 chromosomes from unrelated neurologically 
normal Subjects drawn from comparable ethnic origins. 
Identification of an Alternative Splice Form of the ARMP 
Gene Product 

During sequencing studies of RT-PCR products for the 
ARMP gene recovered from a variety of tissues, it was dis 
covered that some peripheral tissues (principally white blood 
cells) demonstrated two alternative splice forms of the ARMP 
gene. One form is identical to the (putatively 467 amino acid) 
isoform constitutatively expressed in all brain regions. The 
alternative splice form results from the exclusion of the seg 
ment of the cDNA between base pairs 1018 and 1116 inclu 
sive, and results in a truncated isoform of the ARMP protein 
wherein the hydrophobic part of the hydrophilic acidically 
charged loop immediately C-terminal to TM6 is removed. 
This alternatively spliced isoform therefore is characterized 
by preservation of the sequence N-terminal to and including 
the tyrosine at position 256, changing of the aspartate at 257 
to alanine, and splicing onto the C-terminal part of the protein 
from and including tyrosine 291. Such splicing differences 
are often associated with important functional domains of the 
proteins. This argues that this hydrophilic loop (and conse 
quently the N-terminal hydrophilic loop with similar amino 
acid charge) is/are active functional domains of the ARMP 
product and thus sites for therapeutic targeting. 
ARMP Protein 

With respect to DNA SEQ ID NO.1 and DNA SEQ ID 
NO:133, analysis of the sequence of overlapping cDNA 
clones predicted an ORF protein of 467 amino acids when 
read from the first in phase ATG start codon and a molecular 
mass of approximately 52.6 kDa as later described, due to 
either polymorphisms in the protein or alternate splicing of 
the transcript, the molecular weight of the protein can vary 
due to possible Substitutions or deletions of amino acids. 
The analysis of predicted amino acid sequence using the 

Hopp and Woods algorithm suggested that the protein prod 
uct is a multispanning integral membrane protein Such as a 
receptor, a channel protein, or a structural membrane protein. 
The absence of recognizable signal peptide and the paucity of 
glycoslyation sites are noteworthy, and the hydropathy profile 
Suggests that the protein is less likely to be a soluble protein 
with a highly compact three-dimensional structure. 
The protein may be a cellular protein with a highly compact 

three dimensional structure in which respect is may be similar 
to APOE which is also related to Alzheimer's Disease. In light 
of this putative functional role, it is proposed that this protein 
be labeled as the Alzheimer Related Membrane Protein 
(ARMP). The protein also contains a number of potential 
phosphorylation sites, one of which is the consensus site for 
MAP kinase which is also involved in the hyperphosphorlya 
tion of tau during the normal conversion of normal tau to 
neurofibrillary tangles. This consensus sequence may provide 
a common putative pathway linking this protein and other 
known biochemical aspects of Alzheimer's Disease and 
would represent a likely therapeutic target. Review of the 
protein structure reveals two sequence YTPF (residues 115 
119) SEQID NO:161 and STPE (residues 353-356) SEQID 
NO:162 which represent the 5/T-P motif which is the MAP 
kinase consensus sequence. Several other phosphorylation 
sites exist with consensus sequences for Protein Kinase C 
activity. Because protein kinase C activity is associated with 
differences in the metabolism of APP which are relevant to 
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Alzheimer's Disease, these sites on the ARMP protein and 
homologues are sites for therapeutic targeting. 

The N-terminal is characterized by a highly hydrophilic 
acid charged domain with several potential phosphorylation 
domains, followed sequentially by a hydrophobic membrane 
spanning domain of 19 residues; a charged hydrophilic loop, 
then five additional hydrophobic membrane spanning 
domains interspersed with short (5-20 residue) hydrophilic 
domains; an additional larger acidic hydrophilic charged 
loop, and then at least one and possibly two other hydropho 
bic potentially membrane spanning domains culminating in a 
polar domain at the C-terminus (Table 4 and FIG. 6B). The 
presence of seven membrane spanning domains is character 
istic of several classes of G-coupled receptor proteins but is 
also observed with other proteins including channel proteins. 

Comparison of the nucleic acid and predicted amino acid 
sequences with available databases using the BLAST align 
ment paradigms revealed amino acid similarity with the C. 
elegans sperm integral membrane protein spe-4 and a simi 
larity to several other membrane spanning proteins including 
mammalian chromogranin A and the C-Subunit of mamma 
lian Voltage dependent calcium channels. 
The similarity between the putative products of the spe-4 

and ARMP genes implies that they may have similar activi 
ties. The SPE-4 protein of C. elegans appears to be involved 
in the formation and stabilization of the fibrous body-mem 
brane organelle (FMBO) complex during spermatogenesis. 
The FBMO is a specialized Golgi-derived organelle, consist 
ing of a membrane bound vesicle attached to and partly Sur 
rounding a complex of parallel protein fibers and may be 
involved in the transport and storage of soluble and mem 
brane-bound polypeptides. Mutations in spe-4 disrupt the 
FBMO complexes and arrest spermatogenesis. Therefore the 
physiologic function of spe-4 may be either to stabilize inter 
actions between integral membrane budding and fusion 
events, or to stabilize interactions between the membrane and 
fibrillary proteins during the intracellular transport of the 
FBMO complex during spermatogenesis. Comparable func 
tions could be envisaged for the ARMP. The ARMP could be 
involved either in the docking of other membrane-bound 
proteins such as BAPP, or the axonal transport and fusion 
budding of membrane-bound vesicles during protein trans 
port Such as in the golgi apparatus or endosome-lysosome 
system. If correct, then mutations might be expected to result 
in aberrant transport and processing of BAPP and/or abnor 
mal interactions with cytoskeletal proteins such as the micro 
tubule-associated protein Tau. Abnormalities in the intracel 
lular and in the extracellular disposition of both BAPP and 
Tau are in fact an integral part of the neuropathologic features 
of Alzheimer's Disease. Although the location of the ARMP 
mutations in highly conserved residues within conserved 
domains of the putative proteins suggests that they are patho 
genic, at least three of these mutations are conservative which 
is commensurate with the onset of disease in adult life. 
Because none of the mutations observed so far are deletions 
or nonsense mutations that would be expected to cause a loss 
of function, we cannot predict whether these mutations will 
have a dominant gain-of-function effect and promote aberrant 
processing of BAPP or a dominant loss-of-function effect 
causing arrest of normal BAPP processing. 
An alternative possibility is that the ARMP gene product 

may represent a receptor or channel protein. Mutations of 
such proteins have been causally related to several other 
dominant neurologic disorders in both vertebrate (e.g., 
Malignant hyperthermia, hyperkalemic periodic paralysis in 
humans) and in invertebrate organisms (deg-1(d) mutants in 
C. elegans). Although the pathology of these other disorders 
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does not resemble that of Alzheimer's Disease there is evi 
dence for functional abnormalities in ion channels in Alzhe 
imer's Disease. For example, anomalies have been reported 
in the tetra-ethylammonium-sensitive 113 pS potassium 
channel and in calcium homeostasis. Perturbations in trans 
membrane calcium fluxes might be especially relevant in 
view of the weak homology between S182 and the O-ID 
Subunit of voltage-dependent calcium channels and the obser 
Vations that increases in intracellular calcium in cultured cells 
can replicate some of the biochemical features of Alzheimer's 
Disease Such as alteration in the phosphorylation of Tau 
microtubule-associated protein and increased production of 
AB peptides. 
As mentioned purified normal ARMP protein is character 

ized by a molecular weight of 52.6 kDa. The normal ARMP 
protein, substantially free of other proteins, is encoded by the 
aforementioned SEQID NO:1 and SEQID NO:133. As will 
be later discussed, the ARMP protein and fragments thereof 
may be made by a variety of methods. Purified mutant ARMP 
protein is characterized by FAD-associated phenotype (ne 
crotic death, apoptic death, granulovascular degeneration, 
neurofibrillary degeneration, abnormalities or changes in the 
metabolism of APP, and Ca", K" and glucose, and mitochon 
drial function and energy metabolism neurotransmitter 
metabolism, all of which have been found to be abnormal in 
human brain, and/or peripheral tissue cells in Subjects with 
Alzheimer's Disease) in a variety of cells. The mutant ARMP. 
free of other proteins, is encoded by the mutant DNA 
Sequence. 

Description of the E5-1 Gene, a Homologue of the ARMP 
Gene 

A gene, E5-1, with Substantial nucleotide and amino acid 
homology to the ARMP gene was identified by using the 
nucleotide sequence of the cDNA for ARMP to search data 
bases using the BLASTN paradigm of Atschul et al., 1990. 
Three expressed sequence tagged sites (ESTs) identified by 
accession numbers T03796, R14600, and R05907 were 
located which had substantial homology (p<1.0e', greater 
than 97% identity over at least 100 contiguous base pairs). 

Oligonucleotide primers were produced from these 
sequences and used to generate PCR products by reverse 
transcriptase PCR (RT-PCR). These short RT-PCR products 
were partially sequenced to confirm their identity with the 
sequences within the database and were then used as hybrid 
ization probes to screen full-length cDNA libraries. Several 
different cDNA’s ranging in size from 1 Kb to 2.3. Kb were 
recovered from a cancer cell clNA library (CaCo-2) and 
from a human brain cDNA library (E5-1, G1-1, cc54, cc32). 
The nucleotide sequence of these clones confirmed that all 

were derivatives of the same transcript (designated E5-1). A 
plasmid including this nucleic acid was deposited with the 
ATCC under the terms of the Budapest Treaty on Jun. 28, 
1995 and has been assigned ATCC accession number 97214. 
The gene encoding the E5-1 transcript mapped to human 

chromosome 1 using hybrid mapping panels and to two clus 
ters of CEPH MegaYAC clones which have been placed upon 
a physical contig map (YAC clones 750g7,921d 12 mapped 
by FISH to 1 q41; and YAC clone 787g 12 which also contains 
an EST of the leukemia associated phosphoproteins (LAP18) 
gene which has been mapped to 1p36.1-p35) (data not 
shown). 

Hybridization of the E5-1 cDNA clones to Northern Blots 
detected an ~2.3 kilobase mRNA band in many tissues 
including regions of the brain, as well as a -2.6 K.b mRNA 
band in muscle, cardiac muscle and pancreas (FIG. 7). 
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In skeletal muscle, cardiac muscle and pancreas, the E5-1 
gene is expressed at relatively higher levels than in brain and 
as two different transcripts of -2.3. Kb and -2.6 Kb. Both of 
the E5-1 transcripts have sizes clearly distinguishable from 
that of the 2.7 Kb ARMP transcript, and did not cross-hybrid 
ize with ARMP probes at high stringency. The cDNA 
sequence of the E5-1 gene is identified as SEQID NO.: 137. 
The longest ORF within the E5-1 clNA consensus nucle 

otide sequence predicts a polypeptide containing 448 amino 
acids (numbering from the first in-phase ATG codon which 
was surrounded by a GCC-agg-GCt-ATG-c Kozak consensus 
sequence) (SEQ ID NO.: 138). 
A comparison of the amino acid sequences of hARMP and 

E5-1 homologue protein are shown in Table 8. Identical resi 
dues are indicated by vertical lines. The locations of muta 
tions in the E5-1 gene are indicated by downward pointing 
arrows. The locations of the mutations in the haRMP gene 
are indicated by upward pointing arrows. Putative TM 
domains are in open ended boxes. The alternatively spliced 
exons are denoted by superscripted (E5-1) or subscripted 
(hARMP) “*”. 
BLASTP alignment analyses also detected significant 

homology with SPE-4 of C. elegans (P-3.5 e-26; iden 
tity=20-63% over five domains of at least 22 residues), and 
weak homologies to brain Sodium channels (alpha III Sub 
unit) and to the alpha Subunit of Voltage dependent calcium 
channels from a variety of species (P=0.02; identities 20-28% 
over two or more domains each of at least 35 residues) (Ats 
chul, 1990). These alignments are similar to those described 
above for the ARMP gene. However, the most striking homol 
ogy to the E5-1 protein was found with the amino acid 
sequence predicted for ARMP ARMP and E-51 proteins 
share 63% overall amino acid sequence identity, and several 
domains display virtually complete identity (Table 8). Fur 
thermore, all eight residues mutated in ARMP in subjects 
with AD3 are conserved in the E5-1 protein (Table 8). As 
would be expected, hydrophobicity analyses suggest that 
both proteins also share a similar structural organization. 

The similarity was greatest in several domains of the pro 
tein corresponding to the intervals between transmembrane 
domain 1 (TM1) and TM6, and from TM7 to the C-terminus 
of the ARMP gene. The main difference from ARMP is a 
difference in the size and amino acid sequence of the acidi 
cally-charged hydrophilic loop in the position equivalent to 
the hydrophilic loop between transmembrane domains TM6 
and TM7 in the ARMP protein and in the sequence of the 
N-terminal hydrophilic domains. 

Thus, both proteins are predicted to possess seven hydro 
phobic putative transmembrane domains, and both proteins 
bear large acidic hydrophilic domains at the N-terminus and 
between TM6 and TM7 (FIGS. 6 and 8). A further similarity 
arose from analysis of RT-PCR products from brain and 
muscle RNA, which revealed that nucleotides 1153-1250 of 
the E5-1 transcript are alternatively spliced. These nucle 
otides encode amino acids 263-296, which are located within 
the TM6-TM7 loop domain of the putative E5-1 protein, and 
which share 94% sequence identity with the alternatively 
spliced residues 257-290 in ARMP. 
The most noticeable differences between the two predicted 

amino acid sequences occur in the amino acid sequence in the 
central portion of the TM6-TM7 hydrophilic loop (residues 
304-374 of ARMP; 301-355 of E5-1), and in the N-terminal 
hydrophilic domain (Table 8). By analogy, this domain is also 
less highly conserved between the murine and human ARMP 
genes (identity=47/60 residues), and shows no similarity with 
the equivalent region of SPE-4. 
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A splice variant of the E5-1 cDNA sequence identified as 

SEQID NO:137 has also been found in all tissues examined. 
This splice variant lacks the tripet GAA at nucleotide posi 
tions 1338-1340. 
A further variant has been found in one normal individual 

whose E5-1 cDNA had C replacing T at nucleotide position 
626, which does not change the amino acid sequence. 
Mutations of the E5-1 Gene Associated with Alzheimer's 
Disease 
The strong similarity between ARMP and the E5-1 gene 

product raised the possibility that the E5-1 gene might be the 
site of disease-causing mutations in Some of a small number 
of early onset AD pedigrees in which genetic linkage studies 
have excluded chromosomes 14, 19 and 21. RT-PCR was 
used to isolate cDNAs corresponding to the E5-1 transcript 
from lymphoblasts, fibroblasts or post-mortem brain tissue of 
affected members of eight pedigrees with early onset familial 
AD (FAD) in which mutations in the BAPP and ARMP gene 
had previously been excluded by direct sequencing studies. 

Examination of these RT-PCR products detected a het 
erozygous. A->G substitution at nucleotide 1080 in all four 
affected members of an extended pedigree of Italian origin 
(Flo 10) with early onset, pathologically confirmed FAD (on 
set=50-70 yrs.). This mutation would be predicted to cause a 
Met->Val missense mutation at codon 239 (Table 8). 
A second mutation (A->T at nucleotide 787) causing a 

Asn->Ile substitution at codon 141 was found in affected 
members of a group of related pedigrees of Volga German 
ancestry (represented by cell lines AG09369, AG09907, 
AG09952, and AG09905, Coriell Institute, Camden, N.J.) 
Significantly, one subject (AG09907) was homozygous for 
this mutation, an observation compatible with the inbred 
nature of these pedigrees. Significantly, this subject did not 
have a significantly different clinical picture from those sub 
jects heterozygous for the Arg14Ile mutation. Neither of the 
E5-1 gene mutations were found in 284 normal Caucasian 
controls nor were they present in affected members of pedi 
grees with the AD3 type of AD. 

Both of these mutations would be predicted to cause sub 
stitutions of residues which are highly conserved within the 
ARMP/E5-1 gene family. 
The finding of a gene whose product is predicted to share 

Substantial amino acid and structural similarities with the 
ARMP gene product Suggest that these proteins may be func 
tionally related either as independent proteins with overlap 
ping functions but perhaps with slightly different specific 
activities, as physically associated Subunits of a multimeric 
polypeptide or as independent proteins performing consecu 
tive functions in the same pathway. 
The observation of two different missense mutations in 

conserved domains of the E5-1 protein in subjects with a 
familial form of AD argues that these mutations are, like those 
in the ARMP gene, causal to AD. This conclusion is signifi 
cant because, while the disease phenotypes associated with 
mutations in the ARMP gene (onset 30-50 yrs., duration 10 
years) are subtly different from that associated with muta 
tions in the E5-1 gene (onset 40-70 years; duration up to 20 
years), the general similarities clearly argue that the bio 
chemical pathway Subsumed by members of this gene family 
is central to the genesis of at least early onset AD. The subtle 
differences in disease phenotype may reflect a lower level of 
expression of the E5-1 transcript in the CNS, or may reflect a 
different role for the E5-1 gene product. 
By analogy to the effects of ARMP mutations, E5-1 when 

mutated may cause aberrant processing of APP (Amyloid 
Precursor Protein) into AB peptide, hyperphosphorylation of 
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Tau microtubule associated protein and abnormalities of 
intracellular calcium homeostasis. Interference with these 
anomalous interactions provides a potential therapy for AD. 
Functional Domains of the ARMP Protein are Defined by 
Splicing Sites and Similarities within Other Members of a 
Gene Family 
The ARMP protein is a member of a novel class of trans 

membrane proteins which share Substantial amino acid 
homology. The homology is sufficient that certain nucle 
otides probes and antibodies raised against one can identify 
other members of this gene family. The major difference 
between members of this family reside in the amino acid and 
nucleotide sequence homologous to the hydrophillic acid 
loop domain between putative transmembrane 6 and trans 
membrane 7 domains of the ARMP gene and gene product. 
This region is alternatively spliced in Some non-neural tis 
Sues, and is also the site of several pathogenic disease-causing 
mutations in the ARMP gene. The variable splicing of this 
hydrophilic loop, the presence of a high-density of patho 
genic mutations within this loop, and the fact that the amino 
acid sequences of the loop differs between members of the 
gene family Suggest that this loop is an important functional 
domain of the protein and may confer some specificity to the 
physiologic and pathogenic interactions which the ARMP 
gene product undergoes because the N-terminal hydrophilic 
domain shares the same acidic charge and same orientation 
with respect to the membrane, it is very likely that these two 
domains share functionality either in a coordinated (together) 
or independent fashion (e.g., different ligands or functional 
properties). As a result everything said about the hydrophilic 
loop shall apply also to the N-terminal hydrophilic domain. 

Knowledge of the specificity of the loop can be used to 
identify ligands and functional properties of the ARMP gene 
product (e.g. sites of interactions with APP, cytosolic proteins 
such as kinases, Tau, and MAP, etc.). Soluble recombinant 
fusion proteins can be made or the nucleotide sequence cod 
ing for amino acids within the loop or parts of the loop can be 
expressed in suitable vectors (yeast-2-hybrid, baculovirus, 
and phage-display systems for instance), and used to identify 
other proteins which interact with ARMP in the pathogenesis 
of Alzheimer's Disease and other neurological and psychiat 
ric diseases. Therapies can be designated to modulate these 
interactions and thus to modulate Alzheimer's Disease and 
the other conditions associated with acquired or inherited 
abnormalities of the ARMP gene or its gene products. The 
potential efficacy of these therapies can be tested by analyz 
ing the affinity and function of these interactions after expo 
Sure to the therapeutic agent by Standard pharmacokinetic 
measurements of affinity (Kd and Vmax etc.) using synthetic 
peptides or recombinant proteins corresponding to functional 
domains of the ARMP gene (or its homologues). An alternate 
method for assaying the effect of any interactions involving 
functional domains such as the hydrophilic loop is to monitor 
changes in the intracellular trafficking and post-translational 
modification of the ARMP gene by in-situ hybridization, 
immunohistochemistry, Western blotting and metabolic 
pulse-chase labeling studies in the presence of and in the 
absence of the therapeutic agents. A third way is to monitor 
the effects of “downstream” events including (i) changes in 
the intracellular metabolism, trafficking and targeting of APP 
and its products; (ii) changes in second messenger event e.g., 
cAMP, intracellular Ca' protein kinase activities, etc. 
Isolation and Purification of the ARMP Protein 
The ARMP protein may be isolated and purified by meth 

ods selected on the basis of properties revealed by its 
sequence. Since the protein possesses properties of a mem 
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brane-spanning protein, a membrane fraction of cells in 
which the protein is highly expressed (e.g., central nervous 
system cells or cells from other tissues) would be isolated and 
the proteins removed by extraction and the proteins solubi 
lized using a detergent. 

Purification can be achieved using protein purification pro 
cedures such as chromatography methods (gel-filtration, ion 
exchange and immunoaffinity), by high-performance liquid 
chromatography (RP-HPLC, ion-exchange HPLC, size-ex 
clusion HPLC, high-performance chromatofocusing and 
hydrophobic interaction chromatography) or by precipitation 
(immunoprecipitation). Polyacrylamide gel electrophoresis 
can also be used to isolate the ARMP protein based on its 
molecular weight, charge properties and hydrophobicity. 

Similar procedures to those just mentioned could be used 
to purify the protein from cells transfected with vectors con 
taining the ARMP gene (e.g., baculovirus system, yeast 
expression systems, eukaryotic expression systems). 

Purified protein can be used in further biochemical analy 
ses to establish secondary and tertiary structure which may 
aid in the design of pharmaceuticals to interact with the pro 
tein, alter protein charge configuration or charge interaction 
with other proteins, lipid or saccharide moieties, alter its 
function in membranes as a transporter channel or receptor 
and/or in cells as an enzyme or structural protein and treat the 
disease. 

The protein can also be purified by creating a fusion protein 
by legating the ARMP cDNA sequence to a vector which 
contains sequence for another peptide (e.g., GST-glutathion 
ine succinyl transferase). The fusion protein is expressed and 
recovered from prokaryotic (e.g., bacterial or baculovirus) or 
eukaryotic cells. The fusion protein can then be purified by 
affinity chromatography based upon the fusion vector 
sequence. The ARMP protein can then be further purified 
from the fusion protein by enzymatic cleavage of the fusion 
protein. 

Isolating Mouse ARMP Gene 
In order to characterize the physiological significance of 

the normal and mutant haRMP gene and gene products in a 
transgenic mouse model it was necessary to recover a mouse 
homologue of the haRMP gene. We recovered a murine 
homologue for the haRMP gene by screening amouse cDNA 
library with a labelled human DNA probe and in this manner 
recovered a 2 kb partial transcript (representing the 3' end of 
the gene) and several RT-PCR products representing the 5' 
end. Sequencing of the consensus cDNA transcript of the 
murine homologue revealed Substantial amino acid identity. 
The sequence cDNA is identified in SEQ ID NO:3 and the 
predicted amino acid sequence is provided in SEQID NO:4. 
Further sequencing of the mouse cDNA transcript has pro 
vided the sequence of the complete coding sequence identi 
fied as SEQ ID NO:135 and the predicted amino acid 
sequence from this sequence is provided in SEQID NO: 136. 
More importantly, all of the amino acids that were mutated in 
the FAD pedigrees were conserved between the murine 
homologue and the normal human variant (Table 3). This 
conservation of the ARMP gene as is shown in Table 3, 
indicates that an orthologous gene exists in the mouse 
(mARMP), and it is now possible to clone mouse genomic 
libraries using human ARMP probes. This will also make it 
possible to identify and characterize the ARMP gene in other 
species. This also provides evidence of animals with various 
disease states or disorders currently known or yet to be elu 
cidated. 
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Transgenic Mouse Model 
The creation of a mouse model for Alzheimer's Disease is 

important to the understanding of the disease and for the 
testing of possible therapies. Currently no unambiguous 
viable animal model for Alzheimer's Disease exists. 

There are several ways in which to create an animal model 
for Alzheimer's Disease. Generation of a specific mutation in 
the mouse gene such as the identified hARMP gene mutations 
is one strategy. Secondly, we could insert a wild type human 
gene and/or humanize the murine gene by homologous 
recombination. Thirdly, it is also possible to insert a mutant 
(single or multiple) human gene as genomic or minigene 
cDNA constructs using wild type or mutant or artificial pro 
moter elements. Fourthly, knock-out of the endogenous 
murine genes may be accomplished by the insertion of arti 
ficially modified fragments of the endogenous gene by 
homologous recombination. The modifications include inser 
tion of mutant stop codons, the deletion of DNA sequences, or 
the inclusion of recombination elements (lcx p sites) recog 
nized by enzymes Such as Cre recombinase. 

To inactivate the maRMP gene chemical or x-ray 
mutagenesis of mouse gametes, followed by fertilization, can 
be applied. Heterozygous offspring can then be identified by 
Southern blotting to demonstrate loss of one allele by dosage, 
or failure to inherit one parental allele using RFLP markers. 

To create a transgenic mouse a mutant version of hRMP or 
mARMP can be inserted into a mouse germ line using stan 
dard techniques of oocyte microinjection or transfection or 
microinjection into stem cells. Alternatively, if it is desired to 
inactivate or replace the endogenous mARMP gene, homolo 
gous recombination using embryonic stem cells may be 
applied. 

For oocyte injection, one or more copies of the mutant or 
wild type ARMP gene can be inserted into the pronucleus of 
a just-fertilized mouse oocyte. This oocyte is then reim 
planted into a pseudo-pregnant foster mother. The liveborn 
mice can then be screened for integrants using analysis of tail 
DNA for the presence of human ARMP gene sequences. The 
transgene can be either a complete genomic sequence 
injected as a YAC, BAC, PAC or other chromosome DNA 
fragment, a cDNA with either the natural promoter or a het 
erologous promoter, or a minigene containing all of the cod 
ing region and other elements found to be necessary for 
optimum expression. 

Retroviral infection of early embryos can also be done to 
insert the mutant or wild type haRMP. In this method, the 
mutant or wildtype haRMP is inserted into a retroviral vector 
which is used to directly infect mouse embryos during the 
early stages of development to generate a chimera, Some of 
which will lead to germline transmission. Similar experi 
ments can be conducted in the cause of mutant proteins, using 
mutant murine or other animal ARMP gene sequences. 

Homologous recombination using stem cells allows for 
screening of gene transfer cells to identify the rare homolo 
gous recombination events. Once identified, these can be used 
to generate chimeras by injection of mouse blastocysts, and a 
proportion of the resulting mice will show germline transmis 
sion from the recombinant line. This methodology is espe 
cially useful if inactivation of the maRMP gene is desired. 
For example, inactivation of the maRMP gene can be done by 
designing a DNA fragment which contains sequences from a 
mARMP exon flanking a selectable marker. Homologous 
recombination leads to the insertion of the marker sequences 
in the middle of an exon, inactivating the maRMP gene. 
DNA analysis of individual clones can then be used to rec 
ognize the homologous recombination events. 
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It is also possible to create mutations in the mouse germline 

by injecting oligonucleotides containing the mutation of 
interest and screening the resulting cells by PCR. 

This embodiment of the invention has the most significant 
commercial value as a mouse model for Alzheimer's Disease. 
Because of the high percentage of sequence conservation 
between human and mouse it is contemplated that an ortholo 
gous gene will exist also in many other species. It is thus 
contemplated that it will be possible to generate other animal 
models using similar technology. 
Screening and Diagnosis for Alzheimer's Disease General 
Diagnostic Uses of the ARMP Gene and Gene Product 
The ARMP gene and gene products will be useful for 

diagnosis of Alzheimer's Disease, presenile and senile 
dementias, psychiatric diseases Such as Schizophrenia, 
depression, etc., and neurologic diseases such as stroke and 
cerebral hemorrhage—all of which are seen to a greater or 
lesser extent in symptomatic Subjects bearing mutations in 
the ARMP gene or in the APP gene. Diagnosis of inherited 
cases of these diseases can be accomplished by analysis of the 
nucleotide sequence (including genomic and cDNA 
sequences included in this patent). Diagnosis can also be 
achieved by monitoring alterations in the electrophoretic 
mobility and by the reaction with specific antibodies to 
mutant or wild-type ARMP gene products, and by functional 
assays demonstrating altered function of the ARMP gene 
product. In addition, the ARMP gene and ARMP gene prod 
ucts can be used to search for inherited anomalies in the gene 
and/or its products (as well as those of the homologous gene) 
and can also be used for diagnosis in the same way as they can 
be used for diagnosis of non-genetic cases. 

Diagnosis of non-inherited cases can be made by observa 
tion of alterations in the ARMP transcription, translation, and 
post-translational modification and processing as well as 
alterations in the intracellular and extracellular trafficking of 
ARMP gene products in the brain and peripheral cells. Such 
changes will include alterations in the amount of ARMP 
messenger RNA and/or protein, alteration in phosphorylation 
state, abnormal intracellular location/distribution, abnormal 
extracellular distribution, etc. Such assays will include: 
Northern Blots (with ARMP-specific and ARMP non-spe 
cific nucleotide probes which also cross-react with other 
members of the gene family), and Western blots and enzyme 
linked immunosorbent assays (ELISA) (with antibodies 
raised specifically to: ARMP; to various functional domains 
of ARMP; to other members of the homologous gene family; 
and to various post-translational modification states includ 
ing glycosylated and phosphorylated isoforms). These assays 
can be performed on peripheral tissues (e.g., blood cells, 
plasma, cultured or other fibroblast tissues, etc.) as well as on 
biopsies of CNS tissues obtained antimortem or postmortem, 
and upon cerebrospinal fluid. Such assays might also include 
in-situ hybridization and immunohistochemistry (to local 
ized messenger RNA and protein to specific Subcellular com 
partments and/or within neuropathological structures associ 
ated with these diseases such as neurofibrillary tangles and 
amyloid plaques). 
Screening for Alzheimer's Disease 

Screening for Alzheimer's Disease as linked to chromo 
some 14 may now be readily carried out because of the 
knowledge of the mutations in the gene. 

People with a high risk for Alzheimer's Disease (present in 
family pedigree) or, individuals not previously known to be at 
risk, or people in general may be screened routinely using 
probes to detect the present of a mutant ARMP gene by a 
variety of techniques. Genomic DNA used for the diagnosis 
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may be obtained from body cells, such as those present in the 
blood, tissue biopsy, Surgical specimen, or autopsy material. 
The DNA may be isolated and used directly for detection of a 
specific sequence or may be PCR amplified prior to analysis. 
RNA or cDNA may also be used. To detect a specific DNA 
sequence hybridization using specific oligonucleotides, 
direct DNA sequencing, restriction enzyme digest, RNase 
protection, chemical cleavage, and ligase-mediated detection 
are all methods which can be utilized. Oligonucleotides spe 
cific to mutant sequences can be chemically synthesized and 
labelled radioactively with isotopes, or non-radioactively 
using biotin tags, and hybridized to individual DNA samples 
immobilized on membranes or other solid-supports by dot 
blot or transfer from gels after electrophoresis. The presence 
or absence of these mutant sequences are then visualized 
using methods such as autoradiography, fluorometry, or calo 
rimetric reaction. Examples of suitable PCR primers which 
are useful for example in amplifying portions of the Subject 
sequence containing the aforementioned mutations are set out 
in Table 5. This table also sets out the change in enzyme site 
to provide a useful diagnostic tool as defined herein. 

Direct DNA sequencing reveals sequence differences 
between normal and mutant ARMP DNA. Cloned DNA seg 
ments may be used as probes to detect specific DNA seg 
ments. PCR can be used to enhance the sensitivity of this 
method. PCR is an enzymatic amplification directed by 
sequence-specific primers, and involves repeated cycles of 
heat denaturation of the DNA, annealing of the complemen 
tary primers and extension of the annealed primer with a DNA 
polymerase. This results in an exponential increase of the 
target DNA. 

Other nucleotide sequence amplification techniques may 
be used, such as ligation-mediated PCR, anchored PCR and 
enzymatic amplification as would be understood by those 
skilled in the art. 

Sequence alterations may also generate fortuitous restric 
tion enzyme recognition sites which are revealed by the use of 
appropriate enzyme digestion followed by gel-blot hybrid 
ization. DNA fragments carrying the site (normal or mutant) 
are detected by their increase or reduction in size, or by the 
increase or decrease of corresponding restriction fragment 
numbers. Genomic DNA samples may also be amplified by 
PCR prior to treatment with the appropriate restriction 
enzyme and the fragments of different sizes are visualized 
under UV light in the presence of ethidium bromide after gel 
electrophoresis. 

Genetic testing based on DNA sequence differences may 
be achieved by detection of alteration in electrophoretic 
mobility of DNA fragments in gels. Small sequence deletions 
and insertions can be visualized by high resolution gel elec 
trophoresis. Small deletions may also be detected as changes 
in the migration pattern of DNA heteroduplexes in non-de 
naturing gel electrophoresis. Alternatively, a single base Sub 
stitution mutation may be detected based on differential PCR 
product length in PCR. The PCR products of the normal and 
mutant gene could be differentially detected in acrylamide 
gels. 

Nuclease protection assays (S1 or ligase-mediated) also 
reveal sequence changes at specific location. 

Alternatively, to confirm or detect a polymorphism restric 
tion mapping changes ligated PCR, ASO, REF-SSCP chemi 
cal cleavage, endonuclease cleavage at mismatch sites and 
SSCP may be used. Both REF-SSCP and SSCP are mobility 
shift assays which are based upon the change in conformation 
due to mutations. 
DNA fragments may also be visualized by methods in 

which the individual DNA samples are not immobilized on 
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membranes. The probe and target sequences may be in solu 
tion or the probe sequence may be immobilized. Autoradiog 
raphy, radioactive decay, spectrophotometry, and fluorometry 
may also be used to identify specific individual genotypes. 
Finally, mutations can be detected by direct nucleotide 
sequencing. 

According to an embodiment of the invention, the portion 
of the cDNA or genomic DNA segment that is informative for 
a mutation, can be amplified using PCR. For example, the 
DNA segment immediately surrounding the C41OY mutation 
acquired from peripheral blood samples from an individual 
can be screened using the oligonucleotide primers 885 (tg 
gagactggaacacaac) SEQID NO:127 and 893 (gtgtggccaggg 
tagagaact) SEQID NO: 128. This region would then be ampli 
fied by PCR, the products separated by electrophoresis, and 
transferred to membrane. Labelled oligonucleotide probes 
are then hybridized to the DNA fragments and autoradiogra 
phy performed. 

ARMP Expression 
As an embodiment of the present invention, ARMP protein 

may be expressed using eukaryotic and prokaryotic expres 
sion systems. Eukaryotic expression systems can be used for 
many studies of the ARMP gene and gene product including 
determination of proper expression and post-translational 
modifications for full biological activity, identifying regula 
tory elements located in the 5' region of the ARMP gene and 
their role in tissue regulation of protein expression, produc 
tion of large amounts of the normal and mutant protein for 
isolation and purification, to use cells expressing the ARMP 
protein as a functional assay system for antibodies generated 
against the protein or to test effectiveness of pharmacological 
agents, or as a component of a signal transduction system; to 
study the function of the normal complete protein, specific 
portions of the protein, or of naturally occurring and artifi 
cially produced mutant proteins. 

Eukaryotic and prokaryotic expression systems were gen 
erated using two different classes of ARMP nucleotide cDNA 
sequence inserts. In the first class, termed full-length con 
structs, the entire ARMP cDNA sequence is inserted into the 
expression plasmid in the correct orientation, and includes 
both the natural 5' UTR and 3' UTR sequences as well as the 
entire open reading frame. The open reading frames bear a 
nucleotide sequence cassette which allows either the wild 
type open reading frame to be included in the expression 
system or alternatively, a single or a combination of double 
mutations can be inserted into the open reading frame. This 
was accomplished by removing a restriction fragment from 
the wild type open reading frame using the enzymes Narland 
Pfilm I and replacing it with a similar fragment generated by 
reverse transcriptase PCR which bears the nucleotide 
sequence encoding either the Met146Leu mutation or the 
HyS163 Arg mutation. A second restriction fragment was 
removed from the wild type normal nucleotide sequence for 
the open reading frame by cleavage with the enzymes Pfilm I 
and Nicol and replaced with restriction fragments bearing 
either nucleotide sequence encoding the Ala246Glu muta 
tion, or the Ala260Val mutation or the Ala285Val mutation or 
the Leu286Val mutation, or the Leu392Val mutation, or the 
Cys410Tyr mutation. Finally, a third variant bearing combi 
nations of either the Met146Leu or His 163 Arg mutations in 
tandem with the remaining mutations, was made by linking 
the Nari-PflmI fragment bearing these mutations and the 
PfilmI-NcoI fragments bearing the remaining mutations. 
A second variant of cDNA inserts bearing wild type or 

mutant cDNA sequences was constructed by removing from 
the full-length cDNA the 5' UTR and part of the 3' UTR 
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sequences. The 5' UTR sequence was replaced with a syn 
thetic oligonucleotide containing a Kpnl restriction site and a 
Kozak initiation site (oligonucleotide 969: gg.taccgccaccat 
gacagaggtacctgcac, SEQ ID NO:139). The 3' UTR was 
replaced with an oligonucleotide corresponding to position 
2566 of the cDNA and bears an artificial EcoRI site (oligo 
nucleotide 970: gaattcactggctgtagaaaaagac, SEQ ID 
NO:140). Mutant variants of this construct were then made by 
inserting the same mutant sequences described above at the 
Nari-PflmI fragment, and at the PsmI-NcoI sites described 
above. 

For eukaryotic expressions, these various cDNA constructs 
bearing wild type and mutant sequences described above 
were cloned into the expression vector pZeoSV (invitrogen). 
For prokaryotic expression, two constructs have been made 
using the glutathione S-transferase fusion vector pGEX-kg. 
The inserts which have been attached to the GST fusion 
nucleotide sequence are the same nucleotide sequence 
described above (generated with the oligonucleotide primers 
969, SEQ ID NO: 139 and 970, SEQ ID NO:140) bearing 
either the normal open reading frame nucleotide sequence, or 
bearing a combination of single and double mutations as 
described above. This construct allows expression of the full 
length protein in mutant and wildtype variants in prokaryotic 
cell systems as a GST fusion protein which allows purifica 
tion of the full length protein followed by removal of the GST 
fusion product by thrombin digestion. The second prokary 
otic cDNA construct was generated to create a fusion protein 
with the same vector, and allows the production of the amino 
acid sequence corresponding to the hydrophilic acidic loop 
domain between TM6 and TM7 of the full-length protein, as 
either a wildtype nucleotide sequence (thusa wildtype amino 
acid sequence for fusion proteins) or as a mutant sequence 
bearing either the Ala285Val mutation, or the Leu286Val 
mutation, or the Leu392Val mutation. This was accomplished 
by recovering wild type or mutant sequence from appropriate 
sources of RNA using the oligonucleotide primers 989: 
ggatccggtccactitcgtatgctg. SEQ ID NO:141, and 990: 
tttitttgaattcttaggctatggttgtgttcca, SEQID NO: 142. This allows 
cloning of the appropriate mutant or wild type nucleotide 
sequence corresponding to the hydrophilic acid loop domain 
at the BamHI and the EcoRI sites within the pGEX-KG 
Vector. 

These prokaryotic expression systems allow the holo-pro 
tein or various important functional domains of the protein to 
be recovered as fusion proteins and then used for binding 
studies, structural studies, functional studies, and for the gen 
eration of appropriate antibodies. 

Expression of the ARMP gene in heterologous cell systems 
can be used to demonstrate structure-function relationships. 
Ligating the ARMP DNA sequence into a plasmid expression 
vector to transfect cells is a useful method to test the proteins 
influence on various cellular biochemical parameters. Plas 
mid expression vectors containing either the entire, normal or 
mutant human or mouse ARMP sequence orportions thereof, 
can be used in vitro mutagenesis experiments which will 
identify portions of the protein crucial for regulatory func 
tion. 

The DNA sequence can be manipulated in studies to under 
stand the expression of the gene and its product, to achieve 
production of large quantities of the protein for functional 
analysis, for antibody production, and for patient therapy. The 
changes in the sequence may or may not alter the expression 
pattern in terms of relative quantities, tissue-specificity and 
functional properties. Partial or full-length DNA sequences 
which encode for the ARMP protein, modified or unmodified, 
may be ligated to bacterial expression vectors. E. coli can be 
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used using a variety of expression vector Systems, e.g., the T7 
RNA polymerase/promoter system using two plasmids or by 
labeling of plasmid-encoded proteins, or by expression by 
infection with M13 Phage mGPI-2. E. coli vectors can also be 
used with Phage lamba regulatory sequences, by fusion pro 
tein vectors (e.g. lac Zand trpE), by maltose-binding protein 
fusions, and by glutathione-S-transferase fusion proteins, 
etc., all of which together with many other prokaryotic 
expression systems are widely available commercially. 

Alternatively, the ARMP protein can be expressed in insect 
cells using baculoviral vectors, or in mammalian cells using 
vaccinia virus or specialized eukaryotic expression vectors. 
For expression in mammalian cells, the cDNA sequence may 
be ligated to heterlogous promoters, such as the simian Varus 
(SV40) promoter in the pSV2 vector and other similar vectors 
and introduced into cultured eukaryotic cells, such as COS 
cells to achieve transient or long-term expression. The stable 
integration of the chimeric gene construct may be maintained 
in mammalian cells by biochemical selection, such as neo 
mycin and mycophoenolic acid. 
The ARMPDNA sequence can be altered using procedures 

such as restriction enzyme digestion, fill-in with DNA poly 
merase, deletion by exonuclease, extension by terminal 
deoxynucleotide transferase, ligation of synthetic or cloned 
DNA sequences and site-directed sequence alteration with 
the use of specific oligonucleotides together with PCR. 
The cDNA sequence or portions thereof, or a mini gene 

consisting of a cDNA with an introl and its own promoter, is 
introduced into eukaryotic expression vectors by conven 
tional techniques. These vectors permit the transcription of 
the cDNA in eukaryotic cells by providing regulatory 
sequences that initiate and enhance the transcription of the 
cDNA and ensure its proper splicing and polyadenylation. 
The endogenous ARMP gene promoter can also be used. 
Different promoters within vectors have different activities 
which alters the level of expression of the cDNA. In addition, 
certain promoters can also modulate function Such as the 
glucocorticoid-responsive promoter from the mouse mam 
mary tumor virus. 
Some of the vectors listed contain selectable markers or 

neo bacterial genes that permit isolation of cells by chemical 
selection. Stable long-term vectors can be maintained in cells 
as episomal, freely replicating entities using regulatory ele 
ments of viruses. Cell lines can also be produced which have 
integrated the vector into the genomic DNA. In this manner, 
the gene product is produced on a continuous basis. 

Vectors are introduced into recipient cells by various meth 
ods including calcium phosphate, strontium phosphate, elec 
troporation, lipofection, DEAE dextran, microinjection, or by 
protoplast fusion. Alternatively, the cDNA can be introduced 
by infection using viral vectors. 

Using the techniques mentioned, the expression vectors 
containing the ARMP gene or portions thereof can be intro 
duced into a variety of mammalian cells from other species or 
into non-mammalian cells. 
The recombinant cloning vector, according to this inven 

tion, comprises the selected DNA of the DNA sequences of 
this invention for expression in a suitable host. The DNA is 
operatively linked in the vector to an expression control 
sequence in the recombinant DNA molecule so that normal 
and mutant ARMP protein can be expressed. The expression 
control sequence may be selected from the group consisting 
of sequences that control the expression of genes of prokary 
otic or eukaryotic cells and their viruses and combinations 
thereof. The expression control sequence may be selected 
from the group consisting of the lac system, the trp system, 
the tac system, the trc System, major operator and promoter 
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regions of phage lambda, the control region of the fil coat 
protein, early and late promoters of SV40, promoters derived 
from polyoma, adenovirus, retrovirus, baculovirus, simian 
virus, 3-phosphoglycerate kinase promoter, yeast acid phos 
phatase promoters, yeast alpha-mating factors and combina 
tions thereof. 

The host cell which may be transfected with the vector of 
this invention may be selected from the group consisting of E. 
coli, pseudomonas, bacillus subtillus, bacillus Stearothermo 
philus, or other bacili; other bacteria, yeast, fungi, insect, 
mouse or other animal, plant hosts, or human tissue cells. 

For the mutant ARMP DNA sequence similar systems are 
employed to express and produce the mutant protein. 
Antibodies to Detect ARMP 

Antibodies to epitopes with the ARMP protein can be 
raised to provide information on the characteristics of the 
proteins. Generations of antibodies would enable the visual 
izations of the proteins in cells and tissues using Western 
blotting. In this technique, proteins are run on polyacrylamide 
gel and then transferred onto nitrocellulose membranes. 
These membranes are then incubated in the presence of the 
antibody (primary), then following washing are incubated to 
a secondary antibody which is used for detection of the pro 
tein-primary antibody complex. Following repeated washing, 
the entire complex is visualized using colourimetric or 
chemiluminescent methods. 

Antibodies to the ARMP protein also allow for the use of 
immunocytochemistry and immunofluorescence techniques 
in which the proteins can be visualized directly in cells and 
tissues. This is most helpful in order to establish the subcel 
lular location of the protein and the tissue specificity of the 
protein. 

In order to prepare polyclonal antibodies, fusion proteins 
containing defined portions or all of the ARMP protein can be 
synthesized in bacteria by expression of corresponding DNA 
sequences in a Suitable cloning vehicle. The protein can then 
be purified, coupled to a carrier protein and mixed with Fre 
unds adjuvant (to help stimulate the antigenic response by 
the rabbits) and injected into rabbits or other laboratory ani 
mals. Alternatively, protein can be isolated from cultured 
cells expressing the protein. Following booster injections at 
bi-weekly intervals, the rabbits or other laboratory animals 
are then bled and the sera isolated. The sera can be used 
directly or purified prior to use, by various methods including 
affinity chromatography, Protein A-Sepharose, Antigen 
Sepharose, Anti-mouse-Ig-Sepharose. The sera can then be 
used to probe protein extracts run on a polyacrylamide gel to 
identify the ARMP protein. Alternatively, synthetic peptides 
can be made to the antigenic portions of the protein and used 
to inoculate the animals. 

To produce monoclonal ARMP antibodies, cells actively 
expressing the protein are cultured or isolated from tissues 
and the cell membranes isolated. The membranes, extracts or 
recombinant protein extracts, containing the ARMP protein, 
are injected in Freund's adjuvant into mice. After being 
injected 9 times overa three week period, the mice spleens are 
removed and resuspended in a phosphate buffered saline 
(PBS). The spleen cells serve as a source of lymphocytes, 
Some of which are producing antibody of the appropriate 
specificity. These are then fused with a permanently growing 
myeloma partner cell, and the products of the fusion are 
plated into a number of tissue culture wells in the presence of 
a selective agent such as HAT. The wells are then screened to 
identify those containing cells making useful antibody by 
ELISA. These are then freshly plated. After a period of 
growth, these wells are again screened to identify antibody 
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producing cells. Several cloning procedures are carried out 
until over 90% of the wells contain single clones which are 
positive for antibody production. From this procedure a stable 
line of clones is established which produce the antibody. The 
monoclonal antibody can then be purified by affinity chroma 
tography using Protein A Sepharose, ion-exchange chroma 
tography, as well as variations and combinations of these 
techniques. 

In situ hybridization is another method used to detect the 
expression of ARMP protein. In situ hybridization relies upon 
the hybridization of a specifically labeled nucleic acid probe 
to the cellular RNA in individual cells or tissues. Therefore, it 
allows the identification of mRNA within intact tissues, such 
as the brain. In this method, oligonucleotides corresponding 
to unique portions of the ARMP gene are used to detect 
specific mRNA species in the brain. 

In this method a rat is anesthetized and transcardially per 
fused with cold PBS, followed by perfusion with a formalde 
hyde solution. The brain or other tissues is then removed, 
frozen in liquid nitrogen, and cut into thin micron sections. 
The sections are placed on slides and incubated in proteinase 
K. Following rinsing in DEP, water and ethanol, the slides are 
placed in prehybridization buffer. A radioactive probe corre 
sponding to the primer is made by nick translation and incu 
bated with the sectioned brain tissue. After incubation and air 
drying, the labeled areas are visualized by autoradiography. 
Dark spots on the tissue sample indicate hybridization of the 
probe with brain mRNA which demonstrates the expression 
of the protein. 

Antibodies may also be used coupled to compounds for 
diagnostic and/or therapeutic uses such as radionuclides for 
imaging and therapy and liposomes for the targeting of com 
pounds to a specific tissue location. 
Isolation and Purification of E5-1 Protein 
The E5-1 protein may be isolated and purified by the types 

of methods described above for the ARMP protein. 
The protein may also be prepared by expression of the E5-1 

cDNA described herein in a suitable host. The protein is a 
preferably expressed as a fusion protein by ligating its encod 
ing cDNA sequence to a vector containing the coding 
sequence for another suitable peptide, e.g., GST. The fusion 
protein is expressed and recovered from prokaryotic cells 
such as bacterial or baculovirus cells or from eukaryotic cells. 
Antibodies to ARMP by virtue of portions of amino acid 
sequence identity with E5-1, can be used to purify, attract and 
bind to E5-1 protein and vice versa. 
Transgenic Mouse Model of E5-1 Related Alzheimer's Dis 
CaS 

An animal model of Alzheimer's Disease related to muta 
tions of the E5-1 gene may be created by methods analogous 
to those described above for the ARMP gene. 
Antibodies 
Due to its structural similarity with the ARMP, the E5-1 

protein may be used for the development of probes, peptides, 
or antibodies to various peptides within it which may recog 
nize both the E5-1 and the ARMP gene and gene products, 
respectively. As a proteinhomologue for the ARMP, the E5-1 
protein may be used as a replacement for a defective ARMP 
gene product. It may also be used to elucidate functions of the 
ARMP gene in tissue culture and vice versa. 
Screening for Alzheimer's Disease Linked to Chromosome 1 

Screening for Alzheimer's Disease linked to mutations of 
the E5-1 gene may now be conveniently carried out. 

General screening methods are described above in relation 
to the described mutations in the ARMP gene. These 
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described methods can be readily applied and adapted to 
detection of the described chromosome 1 mutations, as will 
be readily understood by those skilled in the art. 

In accordance with one embodiment of the invention, the 
Asn141Ile mutation is screened for by PCR amplification of 
the Surrounding DNA fragment using the primers: 

1041: 5'-cattcactgaggacacacc (end-labelled) SEQ ID 
NO:163 and 

1042: 5'-tgtagagcaccaccaaga 
NO:164. 
Any tissue with nucleated cell may be examined. The 

amplified products are separated by electrophoresis and an 
autoradiogram of the gel is prepared and examined formutant 
bands. 

In accordance with a further embodiment, the Met239Val 
mutation is screened for by PCR amplification of its sur 
rounding DNA fragment using the primers: 

1034: 5'-gcatggtgtgcatccact SEQID NO:165 and 
1035: 5'-ggaccactctgggaggta SEQID NO:166. 
The amplified products are separated and an autoradio 

gram prepared as described above to detect mutant bands. 
The same primer sets may be used to detect the mutations 

by means of other methods such as SSCP, chemical cleavage, 
DGGE, nucleotide sequencing, ligation chain reaction and 
allele specific oligonucleotides. As will be understood by 
those skilled in the art, other suitable primer pairs may be 
devised and used. 

In inherited cases, as the primary event, and in non-inher 
ited cases as a secondary event due to the disease state, abnor 
mal processing of E5-1, ARMP APP or proteins reacting with 
E5-1, APP or ARMP may occur. This can be detected as 
abnormal phosphorylation, glycoslyation, glycation amida 
tion or proteolytic cleavage products in body tissues or fluids, 
e.g., CSF or blood. 

(unlabelled) SEQ ID 

Therapies 
An important aspect of the biochemical studies using the 

genetic information of this invention is the development of 
therapies to circumvent or overcome the ARMP gene defect, 
and thus prevent, treat, control serious symptoms or cure the 
disease. In view of expression of the ARMP gene in a variety 
of tissues, one has to recognize that Alzheimer's Disease may 
not be restricted to the brain. Alzheimer's Disease manifests 
itself as a neurological disorder which in one of its forms is 
caused by a mutation in the ARMP gene, but such manifest 
may be caused by mutations in other organ tissues, such as the 
liver, releasing factors which affect the brain activity and 
ultimately cause Alzheimer's Disease. Hence, in considering 
various therapies, it is understood that Such therapies may be 
targeted at tissue other than the brain, Such as heart, placenta, 
lung, liver, skeletal muscle, kidney and pancreas, where 
ARMP is also expressed. 
The effect of these mutations in E5-1 and ARMP is a gain 

of novel function which causes aberrant processing of (APP) 
Amyloid Precursor Protein into AB peptide, abnormal phos 
phorylation homeostasis, and abnormal apoptosis. Therapy to 
reverse this will be small molecules (drugs) recombinant 
proteins, etc. which block the aberrant function by altering 
the structure of the mutant proteins, etc. which block the 
aberrant function by altering the structure of the mutant pro 
tein, enhancing its metabolic clearance or inhibiting binding 
of ligands to the mutant protein, enhancing its metabolic 
clearance or inhibiting binding of ligands to the mutant pro 
tein, or inhibiting the channel function of the mutant protein. 
The same effect might begained by inserting a second mutant 
protein by gene therapy similar to the correction of the “Deg 
1(d) and “Mec 4(d)' mutations in C. elegans by insertion of 
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mutant transgenes. Alternatively over expression of wild type 
E5-1 protein or wild type ARMP or both may correct the 
defect. This could be the administration of drugs or proteins to 
induce the transcription and translation or inhibit the catabo 
lism of the native E5-1 and ARMP proteins. It could also be 
accomplished by infusion of recombinant proteins or by gene 
therapy with vectors causing expression of the normal protein 
at a high level. 
Rationale for Therapeutic, Diagnostic, and Investigational 
Applications of the ARMP Gene and Gene Products as they 
Relate to the Amyloid Precursor Protein 
The AB peptide derivatives of APP are neurotoxic (Selkoe 

et al., 1994). APP is metabolized by passages through the 
Golgi network and then to secretory pathways via clathrin 
coated vesicles with Subsequent passage to the plasma mem 
brane where the mature APP is cleaved by C-secretase to a 
soluble fraction (Protease Nexin II) plus a non-amy 
loidogenic C-terminal peptide (Selkoe et al. 1995, Gandy et 
al., 1993). Alternatively, mature APP can be directed to the 
endosome-lysosome pathway where it undergoes beta and 
gamma secretase cleavage to produce the AB peptides. The 
phosphorylation state of the cell determines the relative bal 
ance of C-Secretase (non-amyloidogenic) or AB pathways 
(amyloidogenic pathway) (Gandy et al., 1993). The phospho 
rylation state of the cell can be modified pharmacologicially 
by phorbol esters, muscarinic agonists and other agents, and 
appears to be mediated by cytosolic factors (especially pro 
tein kinase C) acting upon an integral membrane protein in 
the Golgi network, which we propose to the ARMP and 
members of the homologous family (all of which carry sev 
eral phosphorylation consensus sequences for proteinkinease 
C). Mutations in the ARMP gene will cause alterations in the 
structure and function of the ARMP gene product leading to 
defective interactions with regulatory elements (e.g., protein 
kinase C) or with APP, thereby promoting APP to be directed 
to the amyloidogenic endosome-lysosome pathway. Environ 
mental factors (viruses, toxins, and aging, etc.) may also have 
similar effects on ARMP. To treat Alzheimer's Disease, the 
phosphorylation state of ARMP can be altered by chemical 
and biochemical agents (e.g. drugs, peptides and other com 
pounds) which alter the activity of protein kinase C and other 
protein kinase, or which alter the activity of protein phos 
phatases, or which modify the availability of ARMP to be 
postranslationally modified. The interactions between 
kinases and phosphatases with the ARMP gene products (and 
the products of its homologues), and the interactions of the 
ARMP gene products with other proteins involved in the 
trafficking of the APP within the Golgi network can be modu 
lated to decrease trafficking of Golgi vesicles to the endo 
some-lysosome pathway thereby promoting AB peptide pro 
duction. Such compounds will include: peptide analogues of 
APP, ARMP, and homologues of ARMP as well as other 
interacting proteins, lipids, Sugars, and agents which promote 
differential glycosylation of ARMP and its homologues: 
agents which alter the biologic half-life of messenger RNA or 
protein of ARMP and homologues including antibodies and 
antisense oligonucleotides; and agents which act upon ARMP 
transcription. 
The effect of these agents in cell lines and whole animals 

can be monitored by monitoring: transcription; translation; 
post-translational modification of ARMP (e.g., phosphoryla 
tion or glycoslyation); and intracellular trafficking of ARMP 
and its homologues through various intracellular and extra 
cellular compartments. Methods for these studies include 
Western and Northern blots; immunoprecipitation after meta 
bolic labeling (pulse-chase) with radio-labeled methionine 
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and ATP, and imminohistochemistry. The effect of these 
agents can also be monitored using studies which examine the 
relative binding affinities and relative amounts of ARMP gene 
products in interactions with protein kinease C and/or APP 
using either standard binding affinity assays or co-precipita 
tion and Western blots using antibodies to protein kinease C, 
APP or ARMP and its homologues. The effect of these agents 
can also be monitored by assessing the production of AB 
peptides by ELISA before and after exposure to the putative 
therapeutic agent (Huang et al., 1993). The effect can also be 
monitored by assessing the viability of cell lines after expo 
Sure to aluminum salts and to AB peptides which are through 
to be neurotoxic in Alzheimer's Disease. Finally, the effect of 
these agents can be monitored by assessing the cognitive 
function of animals bearing: their normal genotype at APP or 
ARMP homologues; bearing human APP transgenes (with or 
without mutations); or bearing human ARMP transgenes 
(With or without mutations); or a combination of all of these. 
Rationale for Therapeutic, Diagnostic, and Investigational 
Applications of the ARMP Gene, the E5-1 Gene and Their 
Products 

The ARMP gene product and the E5-1 gene product have 
amino acid sequence homology to human ion channel pro 
teins and receptors. For instance, the E5-1 protein shows 
Substantial homology to the human Sodium channel C-Sub 
unit (E=0.18, P=0.16, identities=22-27% over two regions of 
at least 35 amino acid residues) using the BLASTP paradigm 
of Atschul et al. 1990. Other diseases (such as malignant 
hyperthermia and hyperkalemic periodic paralysis in humans 
and the neurodegenerative of mechanosensory neurons in C. 
elegans) arise through mutations in ion channels or receptor 
proteins. Mutation of the ARMP gene or the E5-1 gene could 
affect similar functions and lead to Alzheimer's Disease and 
other psychiatric and neurological diseases. Based upon this, 
a test for Alzheimer's Disease can be produced to detect an 
abnormal receptor or an abnormal ion channel function 
related to abnormalities that are acquired or inherited in the 
ARMP gene and its product or in one of the homologous 
genes such as E5-1 and their products. This test can be accom 
plished either in vivo or in vitro by measurements of ion 
channel fluxes and/or transmembrane Voltage or current 
fluxes using patch clamp, Voltage clamp and fluorescent dyes 
sensitive to intracellular calcium or transmembrane Voltage. 
Defective ion channel or receptor function can also be 
assayed by measurements of activation of second messengers 
such as cyclic AMP. c6MP tyrosine kinases, phosphates, 
increases in intracellular Ca" levels, etc. Recombinantly 
made proteins may also be reconstrued in artificial membrane 
systems to study ion channel conductance. Therapies which 
affect Alzheimer's Disease (due to acquired/inherited defects 
in the ARMP gene or E5-1 gene; due to defects in other 
pathways leading to this disease such as mutations in APP, 
and due to environmental agents) can be tested by analysis of 
their ability to modify an abnormal ion channel or receptor 
function induced by mutation in the ARMP gene or in one of 
its homologues. Therapies could also be tested by their ability 
to modify the normal function of an ion channel or receptor 
capacity of the ARMP gene products and its homologues. 
Such assays can be performed on cultured cells expressing 
endogenous normal or mutant ARMP genes/gene products or 
E5-1 genes/gene products. Such studies can be performed in 
addition on cells transfected with vectors capable of express 
ing ARMP parts of the ARMP gene and gene product, mutant 
ARMP, E5-1 gene, parts of the E5-1 gene and gene product, 
mutant E5-1 gene or another homologue in normal or mutant 
form. Therapies for Alzheimer's Disease can be devised to 
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modify an abnormal ion channel or receptor function of the 
ARMP gene or E5-1 gene. Such therapies can be conven 
tional drugs, peptides, Sugars, or lipids, as well as antibodies 
or other ligands which affect the properties of the ARMP or 
E5-1 gene product. Such therapies can also be performed by 
direct replacement of the ARMP gene and/or E5-1 gene by 
gene therapy. In the case of an ion channel, the gene therapy 
could be performed using either mini-genes (cDNA plus a 
promoter) or genomic constructs bearing genomic DNA 
sequences for parts or all of the ARMP gene. Mutant ARMP 
or homologous gene sequence might also be used to counter 
the effect of the inherited or acquired abnormalities of the 
ARMP gene as has recently been done for replacement of the 
mec 4 and deg 1 in C. elegans (Huang and Chalfie, 1994). The 
therapy might also be directed at augmenting the receptor or 
ion channel function of the homologous genes Such as the 
E5-1 gene, in order that it may potentially take over the 
functions of the ARMP gene rendered defective by acquired 
or inherited defects. Therapy using antisense oligonucle 
otides to block the expression of the mutant ARMP gene or 
the mutant E5-1 gene, coordinated with gene replacement 
with normal ARMP or E5-1 gene can also be applied using 
standard techniques of either genetherapy or protein replace 
ment therapy. 
Protein Therapy 

Treatment of Alzheimer's Disease can be performed by 
replacing the mutant protein with normal protein, or by 
modulating the function of the mutant protein. Once the bio 
logical pathway of the ARMP protein has been completely 
understood, it may also be possible to modify the pathophysi 
ologic pathway (e.g., a signal transduction pathway) in which 
the protein participates in order to correct the physiological 
defect. 
To replace the mutant protein with normal protein, or with 

a proteinbearing a deliberate counterbalancing mutation it is 
necessary to obtain large amounts of pure ARMP protein or 
E5-1 protein from cultured cell systems which can express the 
protein. Delivery of the protein to the affected brain areas or 
other tissues can then be accomplished using appropriate 
packaging or administrating Systems. 
Gene Therapy 
Gene therapy is another potential therapeutic approach in 

which normal copies of the ARMP gene are introduced into 
patients to successfully code for normal protein in several 
different affected cell types. The gene must be delivered to 
those cells in a form in which it can be taken up and code for 
sufficient protein to provide effective function. Alternatively, 
in some neurologic mutants it has been possible to prevent 
disease by introducing another copy of the homologous gene 
bearing a second mutation in that gene or to alter mutation, or 
use another gene to block its effect. 

Retroviral vectors can be used for somatic cell gene 
therapy especially because of their high efficiency of infec 
tion and stable integration and expression. The targeted cells 
however must be able to divide and the expression of the 
levels of normal protein should be high because the disease is 
a dominant one. The full length ARMP gene can be cloned 
into a retroviral vector and driven from its endogenous pro 
moter or from the retroviral long terminal repeat or from a 
promoter specific for the target cell type of interest (such as 
neurons). 

Other viral vectors which can be used include adeno-asso 
ciated virus, vaccinia virus, bovine papilloma virus, or a 
herpesvirus such as Epstein-Barr virus. 
Gene transfer could also be achieved using non-viral 

means requiring infection in vitro. This would include cal 
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cium phosphate, DEAE dextran, electroporation, and proto 
plast fusion. Liposomes may also be potentially beneficial for 
delivery of DNA into a cell. Although these methods are 
available, many of these are lower efficiency. 

Antisense based strategies can be employed to explore 
ARMP gene function and as a basis for therapeutic drug 
design. The principle is based on the hypothesis that 
sequence-specific Suppression of gene expression can be 
achieved by intracellular hybridization between mRNA and a 
complementary antisense species. The formation of a hybrid 
RNA duplex may then interfere with the processing/trans 
port/translation and/or stability of the target ARMP mRNA. 
Hybridization is required for the antisense effect to occur, 
however the efficiency of intracellular hybridization is low 
and therefore the consequences of Such an event may not be 
very Successful. Antisense strategies may use a variety of 
approaches including the use of antisense oligonucleotides, 
injection of antisense RNA and transfection of antisense 
RNA expression vectors. Antisense effects can be induced by 
control (sense) sequences, however, the extent of phenotypic 
changes are highly variable. Phenotypic effects induced by 
antisense effects are based on changes in criteria Such as 
protein levels, protein activity measurement, and target 
mRNA levels. Multidrug resistance is a useful model to study 
molecular events associated with phenotypic changes due to 
antisense effects, since the multidrug resistance phenotype 
can be established by expression of a single gene mdrl (MDR 
gene) encoding for P-glycoprotein. 

Transplantation of normal genes into the affected area of 
the patient can also be useful therapy for Alzheimer's Dis 
ease. In this procedure, a normal haRMP protein is trans 
ferred into a cultivable cell type such as glial cells, either 
exogenously or endogenously to the patient. These cells are 
then injected serotologicially into the disease affected 
tissue(s). This is a known treatment for Parkinson's disease. 

Immunotherapy is also possible for Alzheimer's Disease. 
Antibodies can be raised to a mutant ARMP protein (or por 
tion thereof) and then administered to bind or block the 
mutant protein and its deliterious effects. Simultaneously, 
expression of the normal protein product could be encour 
aged. Administration could be in the form of a one time 
immunogenic preparation or vaccine immunization. An 
immunogenic composition may be prepared as injectables, as 
liquid solutions or emulsions. The ARMP protein may be 
mixed with pharmaceutically acceptable excipients compat 
ible with the protein. Such excipients may include water, 
saline, dextrose, glycerol, ethanol and combinations thereof. 
The immunogenic composition and vaccine may further con 
tain auxiliary Substances such as emulsifying agents or adju 
vants to enhance effectiveness. Immunogenic compositions 
and vaccines may be administered parenterally by injection 
Subcutaneously or intramuscularly. 
The immunogenic preparations and vaccines are adminis 

tered in such amount as will be therapeutically effective, 
protective and immunogenic. Dosage depends on the route of 
administration and will vary according to the size of the host. 

Similar gene therapy techniques may be employed with 
respect to the E5-1 gene. 
The above disclosure generally describes the present 

invention. A more complete understanding can be obtained by 
reference to the following specific examples. These examples 
are described solely for purposes of illustration and are not 
intended to limit the scope of the invention. Changes in the 
form and Substitution of equivalents are contemplated as cir 
cumstances may suggest or render expedient. Although spe 
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cific terms have been employed herein, such terms are 
intended in a descriptive sense and not for purposes of limi 
tations. 

EXAMPLE 1. 

Development of the Genetic, Physical “contig” and 
Transcriptional Map of the Minimal Co-Segregating 

Region 

The CEPH Mega YAC and the RPCI PAC human total 
genomic DNA libraries were searched for clones containing 
genomic DNA fragments from the AD3 region of chromo 
Some 14q24.3 using oliginucleotide probes for each of the # 
SSR marker loci used in the genetic linkage studies as well as 
# additional markers depicted in FIG. 1a (Albertsen et al., 
1990; Chumakov et al., 1992: Ioannu et al., 1994). The 
genetic map distances between each marker are depicted 
above the contig, and are derived from published data (NIH/ 
CEPH Collaborative Mapping Group, 1992: Wang, 1992: 
Weissenbach, J. et al., 1992; Gyapay, G. et al., 1994). Clones 
recovered for each of the initial marker loci were arranged 
into an ordered series of partially overlapping clones (“con 
tig) using four independent methods. First, sequences rep 
resenting the ends of the YAC insert were isolated by inverse 
PCR (Riley et al., 1990), and hybridized to Southern blot 
panels containing restriction digests of DNA from all of the 
YAC clones bearing overlapping sequences. Second, inter 
Alu PCR was performed on each YAC, and the resultant band 
patterns were compared across the pool of recovered YAC 
clones in order to identify other clones bearing overlapping 
sequences (Bellamne-Chartelot et al., 1992; Chumakov et al; 
1992). Third, to improve the specificity of the Alu-PCR fin 
gerprinting, we restricted the YAC DNA with Hael II or Rsal, 
amplified the restriction products with both Alu and Lll 
consensus primers, and resolved the products by polyacryla 
mide gel electrophoresis. Finally, as additional STSs were 
generated during the search for transcribed sequences, these 
STSs were also used to identify overlaps. The resultant contig 
was complete except for a single discontinuity between 
YAC932C7 bearing D14S53 and YAC746B4 containing 
D14S61. The physical map order of the STSs within the 
contig was largely inaccordance with the genetic linkage map 
for this region (NIH/CEPH Collaborative Mapping Group, 
1992: Wang, Z. Webber, J. L., 1992; Weissenbach, J. et al., 
1992; Gyapay, G. et al., 1994). However, as with the genetic 
maps, we were unable to unambiguously resolve the relative 
order of the loci within the D14S43/D14S71 cluster and the 
D14S76/D14S273 cluster. PAC1 clones suggest that 
D14S277 is telomeric to D14S268, whereas genetic maps 
have suggested the reverse order. Furthermore, a few STS 
probes failed to detect hybridization patterns in at least one 
YAC clone which, on the basis of the most parsimonious 
consensus physical map and from the genetic map, would 
have been predicted to contain that STS. For instance, the 
D14S268 (AFM265) and RSCAT7 STSs are absent from 
YAC788H12. Because these results are reproducible, and 
occurred with several different STS markers, these results 
most likely reflect the presence of small interstitial deletions 
with one of the YAC clones. 

EXAMPLE 2 

Cumulative Two-point Lod Scores for Chromosome 
14q24.3 Markers 

Genotypes of each polymorphic microsatellite marker 
locus were determined by PCR from 1000 ng of genomic 
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DNA of all available affected and unaffected pedigree mem 
bers as previously described (St. George-Hyslop, Pet al. 
1992) using primer sequences specific for each microsatellite 
locus (Weissenbach, J et al., 1992; Gyapay, Get al., 1994). 
The normal population frequency of each allele was deter 
mined using spouses and other neurologically normal Sub 
jects from the same ethnic groups, but did not differ signifi 
cantly from those established for mixed Caucasian 
populations (Weissenbach, J. et al., 1992; Gyapay, G. et al., 
1994). The maximum likelihood calculations assumed an age 
of onset correction, marker allele frequencies derived from 
published series of mixed Caucasian Subjects, an estimated 
allele frequence for the AD3 mutation of 1:1000 as previously 
described (St. George-Hyslop, P. et al., 1992). The analyses 
were repeated using equal marker allele frequencies, and 
using phenotype information only from affected pedigree 
members as previously described to ensure that inaccuracies 
in the estimated parameters used in the maximum likelihood 
calculations did not misdirect the analyses (St. George-HyS 
lop, P. et al., 1992). These supplemental analyses did not 
significantly alter either the evidence Supporting linkage, or 
the discovery of recombination events. 

EXAMPLE 3 

Haplotypes Between Flanking Markers Segregated 
with AD3 in FAD Pedigrees 

Extended haplotypes between the centromeric and telom 
eric flanking markers on the parental copy of chromosome 14 
segregating with AD3 in fourteen early onset FAD pedigrees 
(pedigrees NIH2, MGH1, Tor1.1, FAD4, FAD1, MEX1, and 
FAD2 show pedigree specific lod scores 2+3.00 with at least 
one marker between D14S258 and D14S53). Identical partial 
haplotypes (boxed) are observed in two regions of the disease 
bearing chromosome segregating in several pedigrees of 
similar ethnic origin. In region A, shared alleles are seen at 
D14S268 (“B”: allele size=126 bp, allele frequence in normal 
Caucasians=0.04: “C”: size=124 bp, frequency=0.38); 
D14S277 (“B”: size=156 bp, frequency=0.19; “C”: size– 
154 bp, frequency=0.33); and RSCAT6 (“D’: size=111 bp, 
frequency 0.25: “E” size=109 bp, frequency=0.20; “F” 
size=107 bp, frequency=0.47). In region B, alleles of identi 
cal size are observed at D14S43 (“A”: size=193 bp, fre 
quency=0.01; “D’: size 187 bp, frequency=0.12: “E” 
size=185 bp, frequency=0.26; “I” size=160 bp, fre 
quency=0.38): D14S273 (“3”: size=193 bp, frequency=0.38: 
“4” size=191 bp, frequency=0.16; “5”: size=189 bp, fre 
quency=0.34; “6”: size=187 bp, frequency=0.02) and 
D14S76 (“1”: size=bp, frequency=0.01; “5”: size=bp, fre 
quency=0.38: “6”: size=bp, frequency=0.07, “9”: size=bp, 
frequency=0.38). The ethnic origins of each pedigree are 
abbreviated as: Ashk=Askenazi Jewish; Ital=Southern Ital 
ian; Angl=Anglo-Saxon-Celt; FrCan-French Canadian; 
Jpn=Japanese; Mex-Mexican Caucasian: Ger—German: 
Am American Caucasian. The type of mutation detected is 
depicted by the amino acid Substitution and putative condon 
number or by ND where no mutation has been detected 
because a comprehensive Survey has not been undertaken due 
to the absence of a source of mRNA for RT-PCR studies. 

EXAMPLE 4 

Recovery of Transcribed Sequences from the AD3 
Interval 

Putative transcribed sequences encoded in the AD3 inter 
val were recovered using either a direct hybridization method 
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in which short clNA fragments generated from human brain 
mRNA were hypridized to immobilized cloned genomic 
DNA fragments (Rommens, J M et al., 1993). The resultant 
short putatively transcribed sequences were used as probes to 
recover longer transcripts from human brain cDNA libraries 
(Stratagene, La Jolla). The physical locations of the original 
short clone and of the Subsequently acquired longer cDNA 
clones were established by analysis of the hybridization pat 
tern generated by hybridizing the probe to Southern blots 
containing a panel of EcoRI digested total DNA samples 
isolated from individual YAC clones within the contig. The 
nucleotide sequence of each of the longer cDNA clones was 
determined by automated cycle sequencing (Applied Biosys 
tems Inc., CA), and compared to other sequences in nucle 
otide and protein databases using the blast algorithm (Ats 
chul, SF et al., 1990). Accession numbers for the transcribed 
sequences in this report are L40391, L40392, L40393, 
L40394, L40395, L40396, L40397, L40398, L40399, 
L40400, L40401, L40402, and L40403. 

EXAMPLE 5 

Locating Mutations in the ARMP Gene Using 
Restriction Enzymes 

The presence of Ala 246 Glu mutation which creates a Ddel 
restriction site was assayed in genomic DNA by PCR using 
the end labelled primer 849 (5'-atctecggcaggcatatct-3") SEQ 
ID NO:129 and the unlabelled primer 892 (5'-tgaaatcacagc 
caagatgag-3") SEQID NO: 130 to amplify an 84 bp genomic 
exon fragment using 100ng of genomic DNA template, 2 mM 
MgCl, 10 p.Moles of each primer, 0.5 UTaq polymerase, 250 
uM dNTPs for 30 cycles of 95° C.x20 seconds, 60° C.X20 
seconds, 72°C.x5 seconds. The products were incubated with 
an excess of Ddel for 2 hours according to the manufacturers 
protocol, and the resulting restriction fragments were 
resolved on a 6% nondenaturing polyacrylamide gel and 
visualized by autoradiography. The presence of the mutation 
was inferred from the clevage of the 84bp fragment due to the 
presence of a Ddel restriction site. All affected members of 
the FAD1 pedigree (filled symbols) and several at-risk mem 
bers (“R”) carried the Dde site. None of the obligate escapees 
(those individuals who do not get the disease, age >70 years), 
and none of the normal controls carried the Dde mutation. 

EXAMPLE 6 

Location Mutation in the ARMP Gene Using Allele 
Specific Oligonucleotides 

The presence of the Cys 410 Tyr mutation was assayed 
using allele specific oligonucleotides. 100 ng of genomic 
DNA was amplified with the exonic sequence primer 885 
(5'-tggagactggaacacaac-3") SEQ ID NO:127 and the oppos 
ing intronic sequence primer 893 (5'-gtgtggccagggtagagaact 
3) SEQ ID NO: 128 using the above reaction conditions 
except 2.5 mM MgCl, and cycle conditions of 94° C.x20 
seconds, 58°C.x20 seconds, and 72°C. for 10 seconds). The 
resultant 216 bp genomic fragment was denatured by 10-fold 
dilution in 0.4M NaOH, 25 mM EDTA, and was vacuum 
slot-blotted to duplicate nylon membranes. The end-labelled 
“wild-type' primer 890 (5'-ccatagcctgttcgtagc-3") SEQ ID 
NO:131 and the end-labelled “mutant” primer 891 (5'-ccat 
agcct Attitcgtagc-3") SEQID NO:132 were hybridized to sepa 
rate copies of the slot-blot filters in 5xSSC, 5x Denhardt's, 
0.5% SDS for 1 hour at 48°C., and then washed successively 
in 2XSSC at 23° C. and 2xSSC, 0.1% SDS at 50° C. and then 
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exposed to X-ray film. All testable affected members as well 
as some at-risk members of the AD3 (shown) and NIH2 
pedigrees (not shown) possessed the CyS 410 Tyr mutation. 
Attempts to detect the Cys 410 Try mutation by SSCP 
revealed that a common intronic sequence polymorphism 
migrated with the same SSCP pattern. 

EXAMPLE 7 

Northern Hybridization Demonstrating the 
Expression of ARMP Protein mRNA in a Variety of 

Tissues 

Total cytoplasmic RNA was isolated from various tissue 
samples (including heart, brain, and different regions of pla 
centa, lung, liver, skeletal muscle, kidney and pancreas) 
obtained from Surgical pathology using standard procedures 
such as CsCl purification. The RNA was then electrophoresed 
on a formaldehyde gel to permit size fractionation. The nitro 
cellulose membrane was prepared and the RNA was then 
transferred onto the membrane. P-labelled cDNA probes 
were prepared and added to the membrane in order for hybrid 
ization between the probe the RNA to occur. After washing, 
the membrane was wrapped in plastic film and placed into 
imaging cassettes containing X-ray film. The autoradio 
graphs were then allowed to develop for one to several days. 
The positions of the 28S and 18S rRNA bands are indicated. 
Sizing was established by comparison to standard RNA 
markers. Analysis of the autoradiographs revealed a promi 
nent band at 3.0kb in size. These northern blots demonstrated 
the ARMP gene is expressed in all of the tissues examined. 

EXAMPLE 8 

Eukaryotic and Prokaryotic Expression Vector 
Systems 

Eukaryotic and prokaryotic expression systems have been 
generated using two different classes of ARMP nucleotide 
cDNA sequence inserts. In the first class, termed full-length 
constructs, the entire ARMP cDNA sequence was inserted 
into the expression plasmid in the correct orientation, and 
included both the natural 5' UTR and 3' UTR sequences as 
well as the entire open reading frame. The open reading 
frames bear a nucleotide sequence cassette which allows 
either the wild type open reading frame to be included in the 
expression system or alternatively, single or a combination of 
double mutations can be inserted into the open reading frame. 
This was accomplished by removing a restriction fragment 
from the wild type open reading frame using the enzymes 
Nari and Pfilm I and replacing it with a similar fragment gen 
erated by reverse transcriptase PCR and which bears the 
nucleotide sequence encoding either the Met146Leu muta 
tion or the HyS163 Arg mutation. A second restriction frag 
ment was removed from the wild type normal nucleotide 
sequence for the open reading frame by cleavage with the 
enzymes Pfilm I and NcoI and replaced with restriction frag 
ments bearing either the nucleotide sequence encoding the 
Ala246Glu mutation, or the Ala260Val mutation or the 
Ala285Val mutation or the Leu286Val mutation, or the 
Leu392Val mutation, or the Cys410 Tyr mutation. Finally, a 
third variant bearing combinations of either the Met146Leu 
or His 163 Arg mutations in tandem with the remaining muta 
tions by linking the Nari-PflmI fragment bearing these muta 
tions and the PflmI-NcoI fragment bearing the remaining 
mutations. 
A second variant of cDNA inserts bearing wild type or 

mutant cDNA sequences was constructed by removing from 
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the full-length cDNA the 5' UTR and part of the 3' UTR 
sequences. The 5' UTR sequence was replaced with a syn 
thetic oligonucleotide containing a Kpnl restriction site and a 
Kozak initiation site (oligonucleotide 969: gg.taccgccaccat 
gacagaggtacctgcac) SEQ ID NO:139. The 3' UTR was 
replaced with an oligonucleotide corresponding to position 
2566 of the cDNA and bears an artificial EcoRI site (oligo 
nucleotide 970: gaattcactggctgtagaaaaagac) SEQID NO: 140. 
Mutant variants of this construct were then made by inserting 
the same mutant sequences described above at the Nari-Pflm I 
fragment, and at the PsImI-NcoI sites described above. 

For eukaryotic expressions, these various clNA constructs 
bearing wild type and mutant sequences were cloned into the 
expression vector pZeoSV (invitrogen). For prokaryotic 
expression, two constructs were made using the gluthathione 
S-transferase fusion vector pGEX-kg. The inserts which have 
been attached to the GST fusion nucleotide sequence are the 
same nucleotide sequence described above generated with 
the oligonucleotide primers 969, SEQ ID NO:139 and 970, 
SEQ ID NO: 140, bearing either the normal open reading 
frame nucleotide sequence or bearing a combination of single 
and double mutations as described above. This construct 
allows expression of the full-length protein in mutant and 
wildtype variants in prokaryotic cell systems as a GST fusion 
protein which will allow purification of the full-length protein 
followed by removal of the GST fusion product by thrombin 
digestion. The second prokaryotic cDNA construct was gen 
erated to create a fusion protein with the same vector, and 
allows the production of the amino acid sequence correspond 
ing to the hydrophillic acid loop domains between TM6 and 
TM7 of the full-length protein, as either a wild type nucle 
otide sequence (thus a wild type amino acid sequence for 
fusion proteins) or as a mutant sequence bearing either the 
Ala285Val mutation, or the Leu286Val mutation, or the 
Leu392Val mutation. This was accomplished by recovering 
wild type or mutant sequence from appropriate sources of 
RNA using the oligonucleotide primers 989:ggatccggtccact 
tcgtatgctg. SEQID NO:141, and 990:ttttittgaattcttaggctatggt 
tgtgttcca SEQID NO: 142. This allows cloning of the appro 
priate mutant or wildtype nucleotide sequence corresponding 
to the hydrophillic acid loop domain at the BamHI and the 
EcoRI sites within the pGEX-KG vector. 

These prokaryotic expression systems allow the holo-pro 
tein or various important functional domains of the protein to 
be recovered as fusion proteins and then used for binding 
studies, structural studies, functional studies, and for the gen 
eration of appropriate antibodies. 

EXAMPLE 9 

Identification of Three New Mutations in the ARMP 
Gene 

Three novel mutations have been identified in subjects 
affected with early onset Alzheimer's Disease. All of these 
mutations co-segregate with the disease, and are absent from 
at least 200 normal chromosomes. The three mutations areas 
follows: a substitution of C by T at position 1027 which 
results in the substitution of alanine 260 for valine; substitu 
tion of C by Tat position 1102, which results in the substitu 
tion of alanine at 285 by valine; and substitution of C by G at 
position 1422 which results in the substitution of leucine 392 
by valine. Significantly, all of these mutations occur within 
the acidic hydrophillic loop between putative. TM6 and TM7. 
Two of the mutations (A260V: A285V) and the L286V muta 
tion are also located in the alternative spliced domain. 
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The three new mutations, like the other mutations, can be 
assayed by a variety of strategies (direct nucleotide sequenc 
ing, Allele specific oligos, ligation polymerase chain reac 
tion, SSCP, RFLPs) using RT-PCR products representing the 
mature mRNA/cDNA sequence or genomic DNA. We have 
chosen allele specific oligos. For the A260V and the A285V 
mutations, genomic DNA carrying the exon can be amplified 
using the same PCR primers and methods for the L286V 
mutation. PCR products were then denatured and slot blotted 
to duplicate nylon membranes using the slot blot protocol 
described for the C410T mutation. 

The Ala260Val mutation was scored by these blots by using 
hybridization with end-labeled allele-specific oligonucle 
otides corresponding to the wildtype sequence (994:gattagtg 
gttgttttgtg) SEQ ID NO:143 or the mutant sequence (995: 
gattagtggctgttttgtg) SEQID NO: 144 by hybridization at 48° 
C. followed by a wash at 52 in 3xSSC buffer containing 
0.1% SDS. The Ala285Val mutation was scored on these slot 
blots as described above but using instead the allele-specific 
oligonucleotides for the wild type sequence (1003:tttittc 
cagctcteattta) SEQ ID NO: 145 or the mutant primer (1004: 
tttittccagttcteattta) SEQ ID NO:146 at 48° C. followed by 
washing at 52° C. as above except that the wash solution was 
2XSSC 

The Leu392Val mutation was scored by amplification of 
the exon from genomic DNA using primers 996 (aaacttggat 
tgggagat) SEQID NO:167 and 893 (gtgtggccagggtagagaact) 
SEQ ID NO:128 using standard PCR buffer conditions 
excepting that the magnesium concentration was 2 mM and 
cycle conditions were 94° C. time 10 seconds, 56°C. times 20 
seconds, and 72°C. for 10 seconds. The result 200 based pair 
genomic fragment was denatured as described for the 
Cys410Tyr mutation and slot-blotted in duplicate to nylon 
membranes. The presence or absence of the mutation was 
then scored by differential hybridization to either a wild type 
end-labelled oligonucleotide (999:tacagtgttctggttggta) SEQ 
IDNO: 148 or with an end-labeled mutant primer (100:tacagt 
gttgtggttggta) SEQID NO:149 by hybridization at 45° C. and 
then successive washing in 2xSSC at 23° and then at 68°C. 

EXAMPLE 10 

Polyclonal Antibody Production 

Peptide antigens were synthesized by solid-phase tech 
niques and purified by reverse phase high pressure liquid 
chromatography. Peptides were covalently linked to keyhole 
limpet hematoxylin (KLH) via disulfide linkages that were 
made possible by the addition of a cystein residue at the 
peptide C-terminus. This additional residue does not appear 
normally in the protein sequence and was included only to 
facilitate linkage to the KLH molecule. A total of three rabbits 
were immunized with peptide-KLH complexes for each pep 
tide antigen and were then Subsequently give booster injec 
tions at seven day intervals. Antisera were collected for each 
peptide and pooled and IgG precipitated with ammonium 
sulfate. Antibodies were then affinity purified with Sulfo-link 
agarose (Pierce) coupled with the appropriate peptide. This 
final purification is required to remove non-specific interac 
tions of other antibodies present in either the pre- or post 
immune serum. 
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The specific sequences to which we have raised antibodies 

a. 

SEQ ID NO: 168 
Polyclonal antibody 1: 
NDNRERQEHNDRRSL (C) - residues 30-44 

SEQ ID NO: 169 
Polyclonal antibody 2: 
KDGOLIYTPFTEDTE (C) - residues 109-123 

SEO ID NO: 17 O 
Polyclonal antibody 3: 
EAQRRVSKSKYNAE (C) - residues 304-318 

SEO ID NO: 171 
Polyclonal antibody 4: 
SHLGPHRSTPESRAA (C) -residues 34 6-360 

The non-native cysteine residue is indicated at the C-terminal 
by (C). These sequences are contained within various pre 
dicted domains of the protein. For example, antibodies 1, 3, 
and 4 are located in potentially functional domains that are 
exposed to the aqueous media and may be involved in binding 
to other proteins critical for the development of the disease 
phenotype. Antibody 2 corresponds to a short linking region 
situated between the predicted first and second transmem 
brane helices. 

EXAMPLE 11 

Identification of Two Mutations in E5-1 Gene 

RT-PCR products corresponding to the E5-1 ORF were 
generated from RNA of lymphoblasts or frozen post-mortem 
brain tissue using oligonucleotide primer pairs 1021:5'-ca 
gaggatggagagaatac SEQ ID NO:172 and 1018:5'-ggctic 
cccaaaactgtcat SEQID NO:173 (product=888 bp); and 1071: 
5'-gccctagtgttcatcaagta SEQ ID NO:174 and 1022:5'- 
aaag.cgggagccaaagtic SEQ ID NO:175 (product=826 bp) by 
PCR using 250 uMoldNTPs, 2.5 mM MgCl2, 10 pMol oli 
gunucleotides in 10 ul cycled for 40 cycles of 94° C.x20 
seconds, 58° C.x20 seconds, 72° C.x45 seconds. The PCR 
products were sequenced by automated cycle sequencing 
(ABI, Foster City, A) and the fluorescent chromatograms 
were scanned for heterozygous nucleotide Substitutions by 
direct inspection and by the Factura (ver 1.2.0) and Sequence 
Navigator (ver 1.0.1b15) software packages (data not shown). 

Asn141Ile: the A->T substitution at nucleotide 787 creates 
a Bc 1 I restriction site. The exon bearing this mutation was 
amplified from 100 ng of genomic DNA using 10 pMol of 
oligonucleotides 1041: 5'-cattcactaggacacacc SEQ ID 
NO:163 (end-labelled) and 1042: 5'-tgtagagcaccaccaaga 
SEQ ID NO:164 (unlabelled), and PCR reaction conditions 
similar to those described below for the Met239Val. 2 ul of the 
PCR product was restricted to Bc 1 I (NEBL, Beverly, Mass.) 
in 10 ul reaction Volume according to the manufacturers 
protocol, and the products were resolved by non-denaturing 
polyacrylamide gel electrophoresis. In Subjects with wild 
type sequences, the 114 bp PCR product is cleaved into 68bp 
and 46 bp fragments. Mutant sequences cause the product to 
be cleaved into 53 bp, 46 bp and 15bp. 

Met239Val: The A-sG Substitution at nucleotide 1080 
deletes a NlaII restriction site, allowing the presence of the 
Met239Val mutation to be detected by amplification from 100 
ng of genomic DNA using PCR (10 pMol oligonucleotides 
1034:5'-gcatggtgtgcatccact SEQ ID NO:165, 1035:5'-ggac 
cactctgggaggta SEQID NO:166; 0.5 UTaq polymerase, 250 
uM dNTPS, 1 uCi alpha P-dCTP 1.5 mM MgCI, 10 ul 
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TABLE 3 - continued 

28 29 O 3 OO 31 O 32O 330 34 O 350 

TLFPALIYSSTMVWLVNMAEGDPEAORRVSKNSKYNAESTERESODTVAENDDGGFSEEMEAORDSHLGP 
k . . ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 

TLFPALIYSSTMVWLVNMAEGDPEAORRVPKNPKYNTORAERETODSGSGNDDGGFSEEMEAORDSHLGP 
28 29 O 3 OO 31 O 32O 330 34 O 350 

42 43 O 4 4 O 450 460 

XLLLLAIYKKGXPAXPISITFGFVFXFATDYLVOPFMDOLAFHOFYI - C SEO ID NO: 4 
42 43 O 4 4 O 450 460 

2O 

TABLE 4 TABLE 4-continued 

HUMAN ARMP FUNCTION DOMAINS HUMAN ARMP FUNCTION DOMAINS 

Domains 25 ANTIGENIC SITES INCLUDING AMINO ACID RESIDUES 

(Amino Acid Residue) Functional Characteristic 
27-44 

82-100 AA Hydrophobic 
132-154 AA Hydrophobic 66-67 
164-183 AA Hydrophobic 107-111 
195-213 AA Hydrophobic 30 120-121 
221-238 AA Hydrophobic 125-126 
244-256 AA Hydrophobic 155-160 
281–299 AA Hydrophobic 185-189 
404-428 AA Hydrophobic 214-223 
431–449 AA Hydrophobic 220-230 
115-119 AA (YTPF) SEQID NO: 161 Phosphorylation Site 35 240-245 
353-356 AA (STPC) SEQID NO: 162 Phosphorylation Site 267-269 
300-385 AA Acid Rich Domain 273-282 

Possible Metal Binding 300-370 
Domain 400-420 

TABLE 5 

ENZYME AMPLIFICATION AMPLIFICATION 

(effect of O440 O44 O ALLETE 
MUTATION mutation) E1 E2 SPECIFIC O440 

M146LEU Bisphl 910 (170-S182F) 911 (170-S182) R 
(destroy) TCACAGAAGATACCG CCCAACCATAAGAAG 

AGACT AACAG 

(SEO ID NO: 176) (SEO ID NO: 177) 

MIS 164 Ary Nla III 927 (intronic) 928 
(destroy) TCTGTACTTTTTAAG ACTTCAGAGTAATTC 

GGTTGTG ATCANCA. 

(SEO ID NO:178) (SEO ID NO: 179) 

Ala 246 DLC I 84 9k 892 

(create) GACTCCAGCAGGCAT TGAAATCACAGCCAA 

ATCT GATGAG 

(SEQ ID NO: 80) (SEQ ID NO: 13 O) 

Leul 286 Wall. Pwu II 952 951 

(create) GATGAGACAAGTNCC CACCCATTTACAAGT 

NTGAA TTAGC 

(SEQ ID NO:181) (SEQ ID NO: 183) 



MUTATION 

Cys 410 Tys 
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TABLE 5- continued 

ENZYME AMPLIFICATION AMPLIFICATION 
(effect of O440 O44 O ALLETE 
mutation) 1 E2 SPECIFIC O440 

945 
TTAGTGGCTGTTTNG 
TGTCC 

(SEQ ID NO: 182) 

Allele 893 885 CCATAGCCTGTTTCGTAGC 
specific GTGTGGCCAGGGTAG TGGAGACTGGAACAC (SEQ ID NO:131) 
ligo AGAACT AAC 89 O = WT 

(SEO ID NO: 128) (SEO ID NO: 127) CCATAGCCTATTTCGTAGC 
(SEQ ID NO: 132) 
891 = MUT 

TABLE 6 

POSITION OF EXONS AND INTRON-EXON BOUNDARIES 

cDNA mRNA 
SEQUENCE 

ARMP (917 ver) 

1-113 bp 
NA 

114-195bp 
196-335 bp 
337-586 bp 
587-730 bp 
731-795 bp 

796-1017 bp 
1018-1116 bp 

1117-1204 bp 
1205-1377 bp 
1378-1497 bp 
1493-2760 bp 

Nucleotide # 
in ARMPUPD 

TABLE 7 

MUTATIONS AND POLYMORPHISMS IN 
THE ARMP GENE 

Amino acid # 
in ARMPPRO Comment 

Met1.46Leu Pathogenic, Unique to AD 
affected. 

His 163Arg Pathogenic, Unique to AD 
affected. 

Ala246Glu Pathogenic, Unique to AD 
affected. 

Ala26OVal Pathogenic, Unique to AD 
affected. 

Ala28SVal Pathogenic, Unique to AD 

<16 Oc NUMBER OF SEO ID NOS: 

Transcript ID 
CC44 wer 

NA 
1-422 bp 

423-500 bp 
501-632 bp 
633-883 bp 

884-1026 bp 
1027-1092 bp 
1093-1314 bp 
1315-1413 bp 

1414-1501 bp 
1502–1674 bp 
1674-1794 bp 
1795-3060 bp 

<210 SEQ ID NO 1 
<211 LENGTH: 

&212> TYPE : 

2791 

DNA 

OF THE ARMP GENE 

CORRESPONDING 

GENOMIC SEQUENCE 

Genomic sequence file 
ID & position of exon 

917-936.gen (a) 731-834bp 
917-936.gen (a) 1067-1475 bp 
932-943.gen (a) 589-671 bp 
932-943.gen (a) 759-899 bp 
901–912.gen (a 787-1037 bp 
910-915.gen (a) 1134-1278 bp 
925-913.gen (a 413-578 bp 
849-892-gen (a) 336-558 bp 
951-952.gen (a) 312-412 bp 

983-1011...gen (a 61-149 bp 
874-984.gen (a 452-625 bp 
885-1012.gen (a) 431-550 bp 
930-919.gen (a) -10 bp-end 

affected. 

Comments 

Alternate SUTR 
Alternate SUTR 

12 bp Variably spliced 

M146L mutation 
B163R mutation 
A246E mutation 
L286V mutation, 
variable spl 

C41OY mutation 
last AA, STOP, 3'UTR 

40 

TABLE 7-continued 

MUTATIONS AND POLYMORPHISMS IN 

45 
Nucleotide # 
in ARMPUPD 

50 C->G1422 

SEQUENCE LISTING 

185 

THE ARMP GENE 

Amino acid # 
in ARMPPRO Comment 

Leu286Val Pathogenic, Unique to AD 
affected. 

Leu392Val Pathogenic, Unique to AD 
affected. 

Cys410Tyr Pathogenic, Unique to AD 
affected. 

Phe()SLeu Polymorphism in normals 
non-coding 3'UTR polymorphism 
non-coding 
non-coding 





gtattaactg 

agaatgggga 

cit cat cottt 

tgcctttggc 

citt.cccaagg 

caaatticagt 

agtcaaattit 

c cccagatgc 

Cagtaaggca 

gtatgatgaa 

cacago: aaat 

aagcaaaaaa 

aattctgaac 

atggagaggt 

ttaaatgaga 

aatt cit tott 

c cagtctgaa 

aaattittgga 

ggattitt.cca 

citcctotgtc 

gctctgtcgt. 

aagaatgtgt 

gagatgitatg 

aaaaaaaaaa. 

<210 SEQ ID NO 2 
<211 LENGTH: 467 
&212> TYPE : 

<213> ORGANISM: Homo sapiens 
PRT 

<4 OO SEQUENCE: 2 
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ttittcaggag 

gggCaggggt 

cittgttttco 

citcaa.gcact 

Cctgaggttg 

alacagtacag 

c caaattctg 

cit cattct to 

ggtag cagat 

tatgaatcgg 

Cccaaag.cgg 

aaaaaaaaaa. 

Met Thr Glu Lieu. Pro Ala Pro Leu 
1. 

Ser 

Arg 

Pro 

Glin 
65 

His 

Wall 

Lell 

Ala 

Wall 
145 

Wall 

Phe 

Wall 

Gly 

Tyr 
225 

Lell 

Glu 

Glu 

Luell 
SO 

Asp 

Wall 

Ala 

Ile 

Luell 
13 O 

Met 

Ile 

Ser 

Asp 

Met 
21 O 

Luell 

Pro 

Asp 

Arg 
35 

Ser 

Glu 

Ile 

Thir 

Tyr 
115 

His 

Thir 

His 

Phe 

Tyr 
195 

Ile 

Ile 

Glu 

5 

Asn His Lieu Ser Asn 

Glin Glu. His Asn Asp 
4 O 

Asin Gly Arg Pro Glin 
55 

Glu Glu Asp Glu Glu 
70 

Met Leu Phe Wall Pro 
85 

Ile Llys Ser Val Ser 

Thir Pro Phe Thr Gul 
12 O 

Ser Ile Lieu. Asn Ala 
135 

Ile Lieu. Lieu. Wal Wall 
150 

Ala Trp Lieu. Ile Ile 
65 

Ile Tyr Lieu. Gly Glu 
18O 

Ile Thir Wall Ala Lieu 

Ser Ile His Trp Llys 
215 

Met Ile Ser Ala Lieu 
23 O 

Trp. Thir Ala Trp Leu 
245 

gtact.gtgag 

tccagct tcc 

cct ct ctittg 

gacact catt 

citt tat cotta 

citatt tot ca. 

aatttgtaga 

tot CCCaCaC 

ggit cocactt 

tgctgtcagc 

tagaattaaa 

a. 

Ser Tyr Phe 
1O 

Thr Val Arg 
25 

Arg Arg Ser 

Gly Asn. Ser 

Lieu. Thir Lieu 
7s 

Wall. Thir Lieu. 

Phe Tyr Thr 
105 

Asp Thr Glu 

Ala Ile Met 

Lieu. Tyr Lys 
155 

Ser Ser Lieu. 
70 

Val Phe Lys 
185 

Lieu. Ile Trp 

Gly Pro Leu 

Met Ala Lieu. 
235 

Ile Lieu. Ala 
250 
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- Continued 

galaga.gcagg caccagcagc 

citttgattitt 

agt caagttca 

accgtctgtg 

aaagttittaa 

t caattic tect 

catacttgta 

aag cagt citt 

attct agggit 

cctgctgtca 

gaagagtaaa 

Glin 

Ser 

Lell 

Arg 
6 O 

Arg 

Thir 

Ile 
14 O 

Lell 

Thir 

Asn 

Arg 

Wall 

Wall 

Asn 

Glin 

Gly 
45 

Glin 

Met 

Wall 
125 

Ser 

Arg 

Lell 

Lell 
2O5 

Lell 

Phe 

Ile 

Ala 

Asn 

His 

Wall 

Gly 

Wall 

Asp 
11 O 

Gly 

Wall 

Luell 

Asn 
19 O 

Gly 

Glin 

Ile 

Ser 

ttgctgcaga 

aatatgtaga 

attgc cattt 

cct caggttc 

at catgttga 

cgct cacttg 

tittctacagc 

cit tactic titt 

gacct tcttic 

atggctgttg 

Gln Met 
15 

Asp ASn 

Pro Glu 

Wall Glu 

Ala Lys 

Wall Wall 
95 

Gly Glin 

Glin Arg 

Ile Wall 

160 

Phe Phe 
17s 

Wall Ala 

Wall Wall 

Glin Ala 

24 O 

Val Tyr 
255 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

2791 

50 
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Asp Lieu Val Ala Val Lieu. Cys Pro Lys Gly Pro Lieu. Arg Met Lieu Val 
26 O 265 27 O 

Glu Thir Ala Glin Glu Arg Asn. Glu Thir Lieu. Phe Pro Ala Lieu. Ile Tyr 
27s 28O 285 

Ser Ser Thr Met Val Trp Leu Val Asn Met Ala Glu Gly Asp Pro Glu 
29 O 295 3 OO 

Ala Glin Arg Arg Val Ser Lys Asn. Ser Lys Tyr Asn Ala Glu Ser Thr 
3. OS 310 315 32O 

Glu Arg Glu Ser Glin Asp Thr Val Ala Glu Asn Asp Asp Gly Gly Phe 
3.25 330 335 

Ser Glu Glu Trp Glu Ala Glin Arg Asp Ser His Lieu. Gly Pro His Arg 
34 O 345 35. O 

Ser Thr Pro Glu Ser Arg Ala Ala Val Glin Glu Lieu Ser Ser Ser Ile 
355 360 365 

Lieu Ala Gly Glu Asp Pro Glu Glu Arg Gly Val Llys Lieu. Gly Lieu. Gly 
37 O 375 38O 

Asp Phe Ile Phe Tyr Ser Val Lieu Val Gly Lys Ala Ser Ala Thir Ala 
385 390 395 4 OO 

Ser Gly Asp Trp Asn. Thir Thr Ile Ala Cys Phe Val Ala Ile Lieu. Ile 
4 OS 41O 415 

Gly Lieu. Cys Lieu. Thir Lieu Lleu Lieu. Lieu Ala Ile Phe Llys Lys Ala Lieu. 
42O 425 43 O 

Pro Ala Leu Pro Ile Ser Ile Thr Phe Gly Lieu Val Phe Tyr Phe Ala 
435 44 O 445 

Thr Asp Tyr Lieu Val Glin Pro Phe Met Asp Gln Leu Ala Phe His Glin 
450 45.5 460 

Phe Tyr Ile 
465 

<210 SEQ ID NO 3 
<211 LENGTH: 1929 
&212> TYPE: DNA 
<213> ORGANISM: Mus musculus 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (1929) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 3 

accanacanc ggcagctgag gcgga aacct aggctg.cgag ccggcc.gc.cc gggcgcggag 6 O 

agagaaggaa cca acacaag acago agc cc titcgaggtot ttaggcagct tdgaggagaa 12 O 

Cacatgagag aaagaatcCC aagaggttitt gttitt ctittg agaagg tatt totgtc.ca.gc 18O 

tgct coaatg acagagatac ctdcacctitt gtcct acttic cagaatgcc c agatgtctga 24 O 

ggacagcc act coagcagcg C catc.cggag ccagaatgac agccaagaac ggcagcagda 3OO 

gcatgacagg cagagactitg acaac cctga gccaat atct aatgggcggc cccagagtaa 360 

Ctcaagacag gtggtggaac aagatgagga ggalagacgaa gagctgacat taalatatgg 42O 

agccaa.gcat gtcatCatgc tictttgtc.cc cqtgaccctic ticatggtcg tcgt.cgtggc 48O 

caccatcaaa toagt cagct tctatacccg gaaggacggit cagctaatct acaccc.catt 54 O 

Cacagaagac actgagactg. taggccaaag agc cctgcac togatcCt9a atgcggc cat 6OO 

catgat cagt gtcattgtca ttatgaccat cotcc toggtg gtc.ctgtata aatacaggtg 660 

ctacaagg to atccacgcct ggct tatt at titcatct cto ttgttgctgt totttittitt c 72 O 



53 

gttcatttac ttaggggaag tatttaagac ctacaatgtc 

agcact cota atctggaatt ggggtgtggit cqggatgatt 

c ctitcgactg cagcagg.cgt atcto attat gat cagtgcc 

caagtacctic ccc.gaatgga cc.gcatggct catcttggct 

ggtggctgtt titatgtc.cca aaggcc.cact tcg tatgctg 

aaatgagact citctitt coag ct cittatcta titcct caa.ca 

ggctgaagga gacccagaag cccaaaggag ggit acccaag 

alaga.gcggag agagagacac aggacagtgg ttctgggaac 

ggagtgggag gcc caaagag acagt cacct ggggcct cat 

agctgctgtc. Caggaactitt Ctgggagc at tictaacgagt 

agtaaaactt ggactgggag attt catttt ctacagtgtt 

alacc.gc.cagt ggagactgga acacalaccat agcctgcttk 

gtgc cittana ttactic ct gc ticgc.cattta caagaaaggg 

catcacct to gggttcgtgt totnctitcgc cacggattac 

c caacttgca ttc cat cagt tittatat cita gcc tittctgc 

ttctittgatt atcaaaaa.ca caaaaacaga gagcaa.gc.cc 

t cct gtgtcc ticagotaiaca aaggcaggac toccagctgga 

gtct Coctag ccaccc.gcac tactggactg tdgaaggaag 

ccaa.catcca t cqctgcagc agacggtgtc. cct cagtgac 

aatgtgctgg gccaaggagc tigc.cgtgctic tictagottt 

taccc.gcac 

<210 SEQ ID NO 4 
<211 LENGTH: 467 
&212> TYPE: PRT 
<213> ORGANISM: Mus musculus 
&220s FEATURE: 

<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (467) 
<223> OTHER INFORMATION: where X is unknown 

<4 OO SEQUENCE: 4 

Met 
1. 

Ser 

Glin 

Pro 

Glin 
65 

His 

Wall 

Lell 

Thr Glu Ile Pro Ala Pro Leu Ser Tyr Phe 
5 1O 

Glu Asp Ser His Ser Ser Ser Ala Ile Arg 
2O 25 

Glu Arg Glin Glin Gln His Asp Arg Glin Arg 
35 4 O 

Ile Ser Asn Gly Arg Pro Glin Ser Asn. Ser 
SO 55 

Asp Glu Glu Glu Asp Glu Glu Lieu. Thir Lieu. 
70 7s 

Wall Ile Met Leu Phe Wall Pro Wall. Thir Lieu. 
85 90 

Ala Thr Ile Llys Ser Val Ser Phe Tyr Thr 
1OO 105 

Ile Tyr Thr Pro Phe Thr Glu Asp Thr Glu 
115 12 O 

US 7,507,798 B2 

- Continued 

kccgtggact acgttacagt 

gcc at CC act ggaaaggcCC 

ct catggc.cc tdg tattitat 

gtgattt cag tatatgattit 

gttgaaacag Ctcaggaaag 

atggtgtggit ttgaatat 

aac cc caagt atalacacaca 

gatgatggtg gCttcagtga 

cgctic cactic ccgagt caag 

galaga CCC9g aggaaagagg 

Ctggttggta aggcct cagc 

gtagc catac tdatcggcct 

tngccagcc c inccc.cat ct c 

Cttgttgcagc cct tcatgga 

agittagaac a tigatgttt C 

gaggaggaga Ctggtgactt 

cittctgcagc titcct tcc.ga 

cgt.ct acaga ggaacggttt 

ttgagagaca aggacaagga 

ggmccgtggg catggagatt 

or other 

Glin Asn Ala Gln Met 
15 

Ser Glin Asn Asp Ser 
3O 

Lieu. Asp Asn Pro Glu 
45 

Arg Glin Val Val Glu 
6 O 

Llys Tyr Gly Ala Lys 
8O 

Cys Met Val Val Val 
95 

Arg Lys Asp Gly Glin 
11 O 

Thr Val Gly Glin Arg 
125 

84 O 

9 OO 

96.O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

929 

54 
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Ala Lieu. His Ser Ile Lieu. Asn Ala Ala Ile Met Ile Ser Val Ile Wall 
13 O 135 14 O 

Ile Met Thr Ile Leu Lleu Val Val Lieu. Tyr Lys Tyr Arg Cys Tyr Lys 
145 150 155 160 

Val Ile His Ala Trp Lieu. Ile Ile Ser Ser Lieu Lleu Lleu Lieu. Phe Phe 
65 17O 17s 

Phe Ser Phe Ile Tyr Lieu. Gly Glu Val Phe Llys Thr Tyr Asn Val Xaa 
18O 185 19 O 

Val Asp Tyr Val Thr Val Ala Lieu. Lieu. Ile Trp Asn Trp Gly Val Val 
195 2OO 2O5 

Gly Met Ile Ala Ile His Trp Llys Gly Pro Lieu. Arg Lieu. Glin Glin Ala 
21 O 215 22O 

Tyr Lieu. Ile Met Ile Ser Ala Leu Met Ala Leu Val Phe Ile Llys Tyr 
225 23 O 235 24 O 

Lieu Pro Glu Trp Thr Ala Trp Lieu. Ile Leu Ala Val Ile Ser Val Tyr 
245 250 255 

Asp Lieu Val Ala Val Lieu. Cys Pro Lys Gly Pro Lieu. Arg Met Lieu Val 
26 O 265 27 O 

Glu Thir Ala Glin Glu Arg Asn. Glu Thir Lieu. Phe Pro Ala Lieu. Ile Tyr 
27s 28O 285 

Ser Ser Thr Met Val Trp Leu Val Asn Met Ala Glu Gly Asp Pro Glu 
29 O 295 3 OO 

Ala Glin Arg Arg Val Pro Lys Asn Pro Llys Tyr Asn Thr Glin Arg Ala 
3. OS 310 315 32O 

Glu Arg Glu Thr Glin Asp Ser Gly Ser Gly Asn Asp Asp Gly Gly Phe 
3.25 330 335 

Ser Glu Glu Trp Glu Ala Glin Arg Asp Ser His Lieu. Gly Pro His Arg 
34 O 345 35. O 

Ser Thr Pro Glu Ser Arg Ala Ala Val Glin Glu Lieu. Ser Gly Ser Ile 
355 360 365 

Lieu. Thir Ser Glu Asp Pro Glu Glu Arg Gly Val Llys Lieu. Gly Lieu. Gly 
37 O 375 38O 

Asp Phe Ile Phe Tyr Ser Val Lieu Val Gly Lys Ala Ser Ala Thir Ala 
385 390 395 4 OO 

Ser Gly Asp Trp Asn. Thir Thir Ile Ala Cys Xaa Val Ala Ile Lieu. Ile 
4 OS 41O 415 

Gly Lieu. Cys Lieu. Xaa Lieu Lleu Lieu. Lieu Ala Ile Tyr Llys Lys Gly Xaa 
42O 425 43 O 

Pro Ala Xaa Pro Ile Ser Ile Thr Phe Gly Phe Val Phe Xaa Phe Ala 
435 44 O 445 

Thr Asp Tyr Lieu Val Glin Pro Phe Met Asp Gln Leu Ala Phe His Glin 
450 45.5 460 

Phe Tyr Ile 
465 

<210 SEQ ID NO 5 
<211 LENGTH: 3O87 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (3 O87) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 5 
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taactgaatt Ctgaacttitt Caggaggtac ttgaggaag agcaggc acc agcagcagaa 246 O 

tggggaatgg agaggtgggc aggggttcca gct tccCttt gatttitttgc tigCagactica 252O 

t cctttittaa atgagacittg ttitt.ccc.ctic tictittgagtic aagtcaaata totagatgcc 2580 

tittggcaatt citt cittctica agcactgaca ct cattaccg tctgttgatt g c catttcttic 264 O 

c caaggc.cag totgaacctg aggttgctitt atcctaaaag ttitta acct c aggttccaaa 27 OO 

ttcagtaaat tittggaaaca gtacagot at ttct catcaa ttct citatica tdttgaagtic 276 O 

aaatttggat titt coaccaa attctgaatt tdtag acata cittgtacgct cacttgc.ccc 282O 

agatgcct co totgtc.ctica ttcttct citc ccacacaagc agt ctittitt c tacagc.cagt 288O 

aaggcagotc tdtcqtggta gcagatggtc. ccact tatto tagggit citta citc.tttgtat 294 O 

gatgaaaaga atgtgttatgaatcggtgct gtcagcc ctg. Ctgtcagacic ttctt coaca 3 OOO 

gcaaatgaga tigtatgcc.ca aag.cggtaga attaaagaag agtaaaatgg Ctgttgaagc 3 O 6 O 

aaaaaaaaaa aaaaaaaaaa aaaaaaa. 3O87 

<210 SEQ ID NO 6 
<211 LENGTH: 945 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (945) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 6 

gttintcCnaa C caact tagg agnttggacc tiggraagac Cnacntgat C to cqggaggin 6 O 

aaag actnca gttgagcc.gt gattgcaccc actitt acticc aagcc tigggc aaccaaaatg 12 O 

agacactggc ticcaaacaca aaaacaaaaa caaaaaaaga gtaaattaat ttanagggaa 18O 

gnattaaata aataatagca cagttgat at aggtt atggit aaaattataa aggtgggana 24 O 

ttaatat cita atgtttggga gcc at cacat tatt ctaaat aatgttittgg toggaaattat 3OO 

tgta catctt ttaaaatctg togtaatttitt titt cagggaa gtgtttaaaa cctataacgt. 360 

tgctgtggac tacatt actg ttncactic ct gatctggaat tittggtgtgg toggaatgat 42O 

titcc attcac toggaaagg to cactitcqact c cago aggca tat ct catta tdattagtgc 48O 

cct catginco citgktgttta t caagtacct c cctdaatgg act gngtggc ticatc.ttggc 54 O 

tgttgattt cagtatatggta aaacccaaga citgataattt gtttgtcaca ggaatgc.ccc 6OO 

actggagtgt titt ctitt.cct catct ctitta t cittgattta gagaaaatgg taacgtgtac 660 

atcc cataac tott cagtaa at cattaatt agctatagta actttitt cat ttgaagattit 72 O 

cggctgggca totagct catcctgtaat Cttagcactt togaggctg aggcgggcag 78O 

atcaccitaag cccagagttcaagaccagcc tdggcaa.cat gigcaaaacct cqtat ctaca 84 O 

gaaaatacaa aaattagc.cg ggcatggtgg tec acacctg. tagttcCagg tacttaggag 9 OO 

gctgaggtgg gaggat.cgat tdatccCagg aggtoaagnc ticag 945 

SEO ID NO 7 
LENGTH: 450 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (450) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 

60 
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<210 SEQ ID NO 14 
<211 LENGTH: 475 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (475.) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 14 

t cagaaaata ctittingggca catgagaatc acatgagaac aagctgatgc ataattic ct c 6 O 

ctgttgatgga atgtaatagt aatttaa.cag tdtcc tittct ttittaactgc ct caaggata 12 O 

cagdaaaata aaacaaaag.c aatatgaagg ctgagaatag gitat cagatt at cataaaaa 18O 

gtatagat.ca aaaggaatct ggtkctnagg ttggcgcago agcct ctaga agcgacnagg 24 O 

gagacittitta gaactaccat t ct cotctat aagtggatcc nangcc.cagg raaacttgat 3OO 

attgagnaca atggcc titac togaaataa.cc tdtgatccac toggnot cat catct coacc 360 

accaccataa atttgatgag timcctataat attic cancoa gnggaaatac ctdgraggitt 42O 

actgaaaggc nacnatcaga cnaaaataaa gnataccgta ggtaaattct acagt 47s 

<210 SEQ ID NO 15 
<211 LENGTH: 18O 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (180) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 15 

gttcticnaga t ct cttcaaa att cattntg cqctatagga gctgggatta cc.gcgggtgc 6 O 

tggalaccaga Cttgcnct Co aatggat.cct C cana Cingga nggggggtgg act cacacca 12 O 

tttacagggg gct cqtaaag aatcc tigttt tdant attint inccgt caatt accinc cc caa 18O 

<210 SEQ ID NO 16 
<211 LENGTH: 457 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (457) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 16 

aatgtaacma cmaaac cyca aactic ctdna agaanatggit tactitatinga tinc catttnc 6 O 

tttittncact ct caga cata aatataaacm mantttctac tdtggraaaa catctncagg 12 O 

ggincintttan ccatgat citc tagnacnang ggctingtggn timgttittaat gttct ctaagc 18O 

nacting act a gtttct cittin cactgagnaa actg.cnacaa gtninttinctn citgnatctgn 24 O 

actgnaatgc taagttncaa gtnccaatga gctingtgant tanyctittat ttnamcnaaa 3OO 

gtninttaatc anc cncagtg ttactittgna aagctinct co citgga caggc gg.ccc.nactt 360 

ctaatgttat gaatgggctg gagnancict c nacintcagtt tranwaaggnt caacanc caa 42O 

trgnaantgt amc cqact ct aaatticcaac cinataat 457 
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<210 SEQ ID NO 17 
<211 LENGTH: 373 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (373) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 17 

atctgtgcta gg tagtgtac taatcattca gtttatctoa tittaatctinn at gnaactict 6 O 

aagt catt cq ctntgancna cacataacag atctogcaac tognagtttag cqaggc.cagt 12 O 

taattitkcca aagnt cataa tinctaagnag ttctagnatg gagatticmaa gtc.cnactgt 18O 

ttagt caaga gaccct actg. ittaac tagta cctttacact actaactggg taanc cataa 24 O 

incaattaatgataaagattg agattactkc cacattct ca citggittataa attaaaacnt 3OO 

caaataaaaa intcttggcac ttctatgta at atttittat taggataaac tittcaagnag 360 

tggatinctag gtg 373 

<210 SEQ ID NO 18 
<211 LENGTH: 422 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (422) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 18 

Cccacactgn tdgc.catgg aagcc atgag titaccacat ggc cctgtcc cactggccac 6 O 

agtingattgg ttggnt cqgg agtagt cacc tatt Caagn tiggc caat C agatcct acc 12 O 

tccanggggt th99aattag aaaac agtga C cctagytag trht aggcnac ttgaactgga 18O 

gggcc catac attcaggagc Ctt atggggg catgtacaca tigaagcagg aagantgaag 24 O 

gagggagaag tagaggc.cag aaacccacct gggttcCt9t titcc.caatign taagt cc ctg 3OO 

c catgtyc ct gct Ctt Cotg tdgttinggat Cttcaaaggit totcaaatt nggggcagtg 360 

gcc.ctggcag cittittcaaat cctyc ccatt tittattgaag ctgaaag acc cittgact aga 42O 

ac 422 

<210 SEQ ID NO 19 
<211 LENGTH: 395 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (395) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 19 

attgtt attt ttcgtcacta cct coccggg togggagtgg gtaatttgcg cgc.ctgctgc 6 O 

ctitccttgga tigtggtagcc gtttct cagg ctic cct citcc ggaatcgaac cctdatt coc 12 O 

cgt.c accc.gt ggt cac catg gttaggcacg gcgactacca togaaagtta at agggcaga 18O 

t citcgaga at t ct cqagatc. tccnt cmaat tattact tca nttkcgg tag tdatcagnac 24 O 

naggcagttc tattgatttic tict cottt cattctgagttt ct c catalaat taattggacc 3OO 

taat catgtt tknaatcc td tottt tagggggnanttgna ctintcaagtg tittaaaggga 360 
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gggincggagn atgattntgg attggagtga gagca 

SEQ ID NO 2 O 
LENGTH: 487 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (487) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 2O 

cagantttct gggtnaaaag gacct nanac 

c caaatggan aaatgaac cc ctdgt caccc 

ananatctgagtic ctitttct c ctitt actaa 

angntgtaaa atangcctgg ggnacct cq9 

actgtggaag ccgtwit caat cqc coccacc 

aacgtc.cccc atgtnatcag natctncagg 

ggrggcgggC Cagggacaga aaarggaggit 

aagggcgttg ggggaa.gcaa gcaaacggc 

gtgacgc 

SEQ ID NO 21 
LENGTH: SOO 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (5 OO) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 21 

citcgagat ct ggcc catcat ttagtttitat 

acgtggat.ct inct cittagag aaatcaanta 

atcaaatinga aaggnatintin ggtngancag 

gntgtingasa ccagatt cmk gggtncnaat 

t catntitats ccc caaactt agccacat ct 

gaggagcatg gntggatgga aatcCatcto 

cacctgttag agtttcttgt yoataaaata 

aatagtttgg gcc ttittatc. cacactict ca 

actctgaaac toccitctgga 

SEQ ID NO 22 
LENGTH: 406 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (406) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 22 

ataatatagt 

cgatctoact 

c cottctg.c 

cottctgcc. 

tatgaga.gc.c 

c tactgctgt 

ggcaagatcc 

agattaalaca 

may be either a or g or c or t /u, 

ngcttgnagt 

ctittaggnat 

ttagttingyin 

cittanggitaa 

bgtggggyta 

Caccactgga 

gCagggaatt 

ggagcttagg 
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ggacttncaa 

agtnc ctncc 

aatcc togctic 

tgggntctgt 

tittctncagg 

c ctitcytgga 

ttgaacaaaa 

agcaggcacc 

ntntagnaga 

ntgatagt ca 

ccinittingnng 

tctnagagcc 

tgging to acc 

accocaiaWitt 

taggaattta 

a tact t t tect 

taalacactta 

Ctgaaac cc.g 

atgggaatta 

gggtgggagn 

gcc agc.catg 

tWitt talacct 

ggagctataa 

t caaggaaac 

taaaa.cat CC 

gagantggnt 

agacic actgg 

alacacatggg 

ccalaga.gcag 

ctgaatgnat 

gttttitttitt 

cct tcagctic 

tcqagatctg togg tagtnac atgat attct ggcamctact tt cattatca cctitt attaa 

395 

6 O 

12 O 

18O 

24 O 

3OO 

360 

487 

6 O 

12 O 

18O 

24 O 

3OO 

360 

SOO 

6 O 

74 



75 
US 7,507,798 B2 

- Continued 

aataaattta aagaaaaatg gcagtatgtt totgtgragn ccacgagtact cattittaaa 12 O 

ggacticmaga gttncagirna agtaaaaagr aaagagtaaa at catttitct aantytywyy 18O 

titccagaaat aacgatgttg agcattaagt gigactitcatt toatact citt tommagntta 24 O 

tgtagg cata WaWatgtgtg ttatataca tatatatggg tacat cotta gagaagttgg 3OO 

ctggctagat agacacacnt naaaaatggr at catact cit aatkccattt nnantttana 360 

aaatacat at t caganconc tdtncttata nacagagtaa ntgaaa 4O6 

<210 SEQ ID NO 23 
<211 LENGTH: 289 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 23 

gaccCagtaa alactitatic to atgagcatala ggctgaatgg gattgacagc ctacagalacc 6 O 

cggattitt at catgagggca ttagtggggg ttgggggitta gg tactgaaa gtttalaggag 12 O 

gtgaaaggaa agcaacttgt gccttacagg gtcaa.gctag gtcaaggaaa titccCaggag 18O 

cgtgtggaag Ctctictacct gataggtgag Ctcaa.gctta taccgc.cca agcttct coc 24 O 

caagct tccc titccactgct tcc tottgat tact tccac agcaaggto 289 

<210 SEQ ID NO 24 
<211 LENGTH: 367 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (367) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 24 

c catcaggat titactgagta aaaatctorag gtnittaacca togc.ccctaaa atgtgctatin 6 O 

cCaaagagga acaggittact tdgaggaaa aaa.gctgcct gggnaactic C C Cncaaatgt 12 O 

ttattittaaa taaaaatggit ngatggaaat attittntaaa agaacttggg gtntaatatg 18O 

gnat actgcc catcaaacaa aaaaggaaat aaaactt.cnt t co catttat aataagttnc 24 O 

ccaccottta citat caagat tacaactitat tdaccittitta togctingcting gtttittittgg 3OO 

gact gcctaa tocaatgttt aaattittcta ngtctgnatt toaatgtggg taggagtnat 360 

ttitt Caa 367 

<210 SEQ ID NO 25 
<211 LENGTH: 425 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (425) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 25 

gagtatctga caggtaagat togctttittaa agttgttitta aatgcattac atgactgaga 6 O 

aaagaaaaat gcacatttta ttgttgcagt ttaaaattitc atttingngtgaaactaaacg 12 O 

tgaaacaaaa goggataaatg tdttittgntt ttgttittggit tttacctgtt togggg tattt 18O 

ttittctgagt ttgttgtagaa accc.gtgtgg intacactggg taatcttgtc. agggintacma 24 O 

76 
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aaaaattcat catat caaaa agtgtaagtg 

gaaataaaat taggcaaatt gacagacagt 

citcggcaatt totaagttta catgttattt 

accalaccact aactatttgt titt catttitt 

cittggct cat tagtgtttaa aaatgtactg 

tott cqttgt agat cagaat titcaccaggg 

taaa.ca.gctt to cacacaaa ttagatgcaa 

agaaaggtaa agattggcct gttagaaaaa 

tttitttittitt taalacacacc toggagaggac 

citgatgtggit to cattatgt aaatatttica 

aaaaaaaaaa aaaatticcitg cggcc.gcaag 

SEO ID NO 27 
LENGTH: 489 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (489) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 27 

attggagctic Caccgcggtg gcggcc.gctic 

aattct coag atc toccc.ca agtaaatgaa 

tataataagc caggcatgga tigaccittata 

ggatagt cat gacaacnatg acactgat Ca 

citctctggcc cacagt ct cq gitat cittctg 

tccgggnata aaanctgact gaCttaatgg 

acagggacma aagagcatga t caacatgct 

cittct tcc to a tect to tcc accaccitcc. 

aatggctica 

SEQ ID NO 28 
LENGTH: 23 Of 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 28 

agggtgct tc agtgtggctg acacaggagc 

acaaaatc cc agttgg taat agagactitta 

attagggggg gaCatgttgt acatgttagg 

ggaaagatgc ccctaactga ttctitttgtc 

gggt caatct tctggtsstg cct ct coagg 

Ctctgaggcc gaccgatggit tagaa.gaggit 

ggcct cagct gct cotctgc agc.cagttct 

gccago atca cctitt.ccaag ggaatgcatt 

ggtcc.cagcc ctdcaaccag cctttgtc. cc 

aaaac CoCCt 

gagagttitta 

aaggataaag 

gtc.ttgtaga 

atgatgtgct 

agtaaaatta 

ctgttcc cat 

gCataatgtg 

atttgaaaac 

aat attaaaa. 

ggaattic 

may be either a or g or c or t /u, 

tagnaactag 

tgaaaaaaag 

gcaccct gta 

tgatinccago 

tgnatggggt 

tancoacgac 

tggcnccata 

gggagittaac 

atggit Cttga 

CtcCtaccta 

at Catticaaa. 

t ct catc.ttg 

t ct ct tccag 

gtctalagagc 

c cago: ct cot 

c ct cacct ct 

tgcc.cagt cc 
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ttaaaacaaa acaaaaaaat 

caaacatgat agg tatt ctd 

gtaaatcatt caaggcagtt 

aggtttatat cittgttttac 

tagagaaatt cctggggctt 

cctgaaaacg taagaagttt 

gtctgaggta cittatttaaa 

agctittggat tactggattit 

actgttctta ccct cqaacc 

atgtatatat ttgaaaaaaa 

tggat.ccc.cc gggctgcagg 

alacagcaa.ca atagagatga 

tittatacaga accaccagga 

att Cagaatt gagtncaggg 

atagattarc tdtccatcct 

caccacc cat kcagagagt c 

titt Caatint C actic ct cat 

Cctgggg.tc.g. tcc attagat 

caagttittct tcatcct acc 

tcaaaac cac aaaatgtc.cc 

talaccalagat tataaggtga 

ttggttcCagggaccgagtg 

gcc.ggtcat a gacgtact cc 

gtc.cgggct C agcagc.ccca 

ccacc cactg ccatc tocca 

Cagcctgtgc cagtgggtgt 

tat cotgtgg C caatggaat 

18OO 

1860 

1920 

198O 

21OO 

216 O 

222 O 

228O 

234 O 

2377 

6 O 

12 O 

18O 

24 O 

3OO 

360 

489 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

80 
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gctataaatt gaggcagyta acgt.cmaatt cittgannacm aaacttkncc togttgtacat 24 O 

agcctatacm aaatgctggg ttgagcctitt cataaggnaa aacmnaagac atggntacgc 3OO 

attic cagggc tikgant actt attgcttggc attcttgtat gta 343 

<210 SEQ ID NO 3 O 
<211 LENGTH: 363 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (363) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 30 

aaagggctaa cca.gc.cactg. caccaaaatt agt ccttaca ttataatact c toggc cattg 6 O 

gaagagaaaa atgggaaaat t caacaattt gaaagacitat gatcc ct ctg gct catgat C 12 O 

tact gaccag aatgaagtico tdaaggattt cottctgtta tottatctac ccagotaatc 18O 

tcaaacaaga ggagctggaa agaacaaagc cc catgaagc taccc.ctaga CCC agaaagc 24 O 

Caagaacagg gccaagaaaa talacagcag acaa.gc.ctga aatagaagtg gnacagaCat 3OO 

gtggnaagac Caagtacacic cagttnggitg gtaaagattic catat caag Cttatcgata 360 

cc.g 363 

<210 SEQ ID NO 31 
<211 LENGTH: 362 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (362) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 31 

agtacatggit ttcttgnoca ccc casccac ctitt.ccc cat citctaccggy tdatagt ct c 6 O 

t cagntagta gaccttittct ngtttagrda gggcc acntt tittaaaaact c cagacgggit 12 O 

accctic catg th9 maggcga C9tggcc.ctg gat cact cala Ctgantgtca trikgantggit 18O 

gcc.cccagag tagga caat ggtgnagC cc toctaaggcc ctncCtgagt gtc.cct CCtt 24 O 

catgaagatg attctgaggn titcc.caggcc tncaccct to ttkgaaarc c catagnagtt 3OO 

catatgnact inct ctinct at gct caccalaa citctncctitc at catactitg ggggatgtgt 360 

gt 362 

<210 SEQ ID NO 32 
<211 LENGTH: 475 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (475.) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 32 

gtgcatgitaa ttacagttac gatatatgaaacgtacaaaa tattatgagt atataatatg 6 O 

gggagacitta atctagtttgggggat Cagg gCacatttct Ctaagaaagt gacatttgaa 12 O 

ttgagctctgaaggataaat agaCattacc Cagaagaata aaatgatggg gaagaaggag 18O 
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gacatttitcc gtagatttico agtggc.cccn cittgatccct tat coactica toactnagga 

ggat attaaa tkctatagala atggragraa gacmmaaaga gaccctnata t ct cagagg 

atccagomaa atticcaagag acaca acawit aagaaacting gaaggaagag aaaaggcmmn 

nnaggnaaaa gaaaga caag galaattinWinn nagnacggag agaaagagag agggagcgtn 

naagggnacg agaaaggcga gnacggggac gagaaagggn aagagnacgt aaacg 

<210 SEQ ID NO 33 
<211 LENGTH: 346 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (346) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 33 

ggaaataaat gagat Ctcag tigtgg tatggattggactg atctotgtaa citgtgtntgg 

aaaaaggacc ggaaaatgaa agc.ca.gatcc cagta agggg tagagagggg cca agagaac 

tgaacatctg. g.gctgc.cgga gaaatcaaag tictaggaagit aagaggtaag agtgtactac 

agggga cata ccc caatic to ttggttcc ct c cct ctncct tcc to tcc.ca gag acccagg 

t ccctgggac tatnttggat Ctgtctctga agctgaaaaa caaaaggcag aggagacagt 

cggintctaag taccalat ct caa.gc.cagct togg to agaan toctaa 

<210 SEQ ID NO 34 
<211 LENGTH: 433 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (433) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 34 

aaatccagtg Caggcaac at tatgtggaaa tagaaac agg gct Cotgct a ggagattgan 

attctggctt toctittggaa ccc ct cactg act catcgcc cct galancag ganco ancag 

gtncCaaggc ticc cctgctic ctint C cctnc ccCagggcga gatagga arc C9gaarc.ctg 

ggcaggctga ricc cancCga Ctggalaccag ggnagancct gtgggtgggt ggnagggagg 

gaaggaggcc agattic ct co agaactgggg ragagaacag gttittggaag ttgggggagg 

gtttgggttt cacagtgatg gttt catgan accctggagg gttncacact cctggtkcan. 

ttittgntant cqtnctittga anacairnc cq citt cotttca accct concin taaaaagttt 

tgatint titta agg 

<210 SEQ ID NO 35 
<211 LENGTH: 350 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (350) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 35 

accalagagcc cccagttitat gntaact citc atgacaaaca caattittagt acct ct cact 

24 O 

3OO 

360 

6 O 

12 O 

18O 

24 O 

3OO 

346 

6 O 

12 O 

18O 

24 O 

3OO 

360 

433 

6 O 
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accalactato caggaaccag gant caccita t tact acggit to cagcagaa tdggaatcc c 12 O 

attcticggat atcCagggta aatcCctgac catgtgagag gaatcctagt gcc.ccaacaa 18O 

cct caccc cc tactic ct co totaanggctic togccaagtica acaaaaaaat cotctacatt 24 O 

tacactat ct gtaaagccaa agaccagogt caacctaaat gtc catcaat aagggaatgg 3OO 

ttggataagt aaaaattatg cagctgtagg aaggaatgaa gaatgtctat 350 

<210 SEQ ID NO 36 
<211 LENGTH: 512 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (512) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 36 

aaagggaaca aaa.gctggta CC9ggcc.ccc cct Cagg to gacggitat cq ataagctgga 6 O 

tat cqaatcc ticgagatcta cctaaaaaaa aaaaattaac titcc.caaatg tdggagticta 12 O 

citctgttc cc ticciting tintt tattinctgtin tactittycta anatggittaa aatgtgtaan 18O 

caatatgtgt cctittnactin kggkgtgaac attitttycta ttataaatyc twagaaaata 24 O 

ttinctatoggn tatgagat at tkgatt.ccaa gtgcctkgta atttactyct caaatgtc.cc 3OO 

tgatgtkgga nattkgttnc tagtgttyca citatttaaaa aaa.cagnaat atctgtctint 360 

atgctnagag cittnty cagt tty caaatta ttnccittagg gtaaaatcct agaagtagaa 42O 

tttittgggg.c aaattatcta catatttata attgtc.ttgg tatto caaat citcgttitt.cc 48O 

aaaagctitat atcaatttgt actta acacic ag 512 

<210 SEQ ID NO 37 
<211 LENGTH: 450 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (450) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 37 

atttalagatg actgggggtc. tctnc ctaat CCC at acticc actggagagg anaagtggga 6 O 

alaggttggtc. tagttarggit ngntggggac cct cocaaga gctgnagaag cagagataag 12 O 

nagagcctnc tinctaaatcc acatgginc.ct yocaaggntc. tcatcct ct a ggacctacca 18O 

ctinct cagtic tact tacttg totyctdana tdotttcting aggggnagaa aacaaaggaa 24 O 

gagtaataac aag cagnaga aactgcagag aatgnaaaat aagtic catag gagaatgttg 3OO 

naaatagaat catccinccitt tacat attgt cactic cagga aaactgccaa gaaccactica 360 

titcc totaga tacamttic ct gtaggat.ccy cccagacttic ctic ccttaag cacgt cagta 42O 

ttct cott at t c tocct tca t t t caa.cc ct 450 

SEQ ID NO 38 
LENGTH: 766 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (766) 
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<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

<4 OO SEQUENCE: 38 

cgagatctgc cccagcc.cac atttic ctttgttgaatgagt agaga agact gagaagitatic 6 O 

actic accc.gt gatgtggttt gtc. ccttitt c cagc.cagtgt gttgg taata aaagt cacct 12 O 

ttcagagctt toggtc.ccc.gt aatgc.ccgt.c titt cotgtgt ccaggaataa cctittgntac 18O 

taggcagt cc tctgaaagat ttgtagaagg ttaaagtgga aagggactitg gaagct cata 24 O 

gaatccatgc ct cittcttitt agcatcaagg aattagaagt cct gagagat gaagaatgtt 3OO 

gtct tcc.caa citcaaaccca titt cittgaag ccatttic cct ggittact.gna ttggccacaa 360 

c cct tcc.ccc ttgntatic ct catcc tigcta atgctgttitt taatggcct g c cagtctgga 42O 

tttgtc.tttg gcaaccaaac aattittgctt cacaagattic ctact taagg gaaga gaggg 48O 

gctic ct catt trit cacttgt acaagagcag ggctggt cag Ctttacacag gtgtcagatg 54 O 

aacct caca anc cagantt incatgttggc ct caggaggg ctitcnaggit c caa.catctog 6OO 

acgtaaggag cqttcc cagt tottt catgc ticagataiaca gtinctaactin cagctgttt c 660 

atcc cnaatc cctanttgag gttcttaa.cat c tatt coatt ttkccinacma gggittatinct 72 O 

gtta accotic tncaccagan ttaganctga citgatncact tcc tag 766 

<210 SEQ ID NO 39 
<211 LENGTH: 327 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (327) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 39 

t catacttgt at agttckint aagataatca citct citcact cagacatning gngrairngcc 6 O 

cntcgat cac ttggganagg ngacttgcma tdtttaatga ttgtcaniccm nanaantaag 12 O 

ctnacagggc aaaaac agcc tyangtcagt totnt ct coc taatcct ct a graknaaatc 18O 

nnawirntrnn actictognnt c tdtgc catna nanatnittinc anttg tattt atgnact coa 24 O 

catingagtac acct cactaa wtintinctnct gggnaacncc cscnc cantt tttninttgnt 3OO 

gananacarc aatgctggca tacingtg 327 

<210 SEQ ID NO 4 O 
<211 LENGTH: 431 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (431) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 40 

ccagactitt catalactingtg ttatt atgaa gattagagtin citgaagctta citggattaga 6 O 

agagnacgag ggggtagctg. CCC calatata ttctaatttic tictkgaggac Caccalaating 12 O 

gmagagtgtc. tctgataggg aaaaggaaga gttggaaggn atcttagcct c tagganaaa 18O 

agaaccattt ttattggcca ccaaagttac atctagtkgc ctacaaattt atntic caaac 24 O 

t ccttatcct gccaatticag gigt cotgnaa act gatgcca aactatagitt tagt ctincta 3OO 
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t cacatgact gcattataca tacccaatta t ctdggmaaa cagacctgat coaaacacag 

ttkggtnctt toctitncctt nccttkgttt agcct g tyco gtc tactingg ggtgtc.ttkg 

atttgcticca g 

tttitttitcca ccagacittac 

gntaatctat 

tgaaact citc 

attattitta 

gtnttt tatg 

tcqagatcta 

nataagttnc 

actagagtkg 

gatggaagaa 

cattgagcag 

cittagttitta 

tatttgat at 

atgtttittaa 

aact t t t t to 

ggtagcttitt 

CCat CCCt. Ca 

tatggntant 

SEQ ID NO 41 
LENGTH: 276 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (276) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 41 

caaattittag 

ncating accc ccaccatt at 

agctgggaaa gtaanaagga 

tggatgcc cc ct cagaaaaa 

natagtaagt cccacticacg 

SEQ ID NO 42 
LENGTH: 270 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (1) ... (270) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 42 

aag cagatgn agactittnca 

gagaaggaaa gotttkgatt 

nkgtkgaagin catggnac at 

tgagaaatcc tatatgacaa 

ttggattacc aagat citcga 

SEQ ID NO 43 
LENGTH 58O 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (580) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 43 

gac tagtttc attatactac 

atttgttitta atatatgttc 

aagaac atta ttatt ctitta 

attaa.catct toggg tattitt 

cittaggagct aaattaaata 

aagnatgggit gnantitat ct 

catagt ctna cmaaactagg 

atgnatggaa gaactgtaaa 

gatagagatc atntggtgan 

ataggatgta agtatgagct 

tatgnaangg ggtaactgac 

aggttt 

may be either a or g or c or t /u, 

cnaaataaat titactgctitt 

inctrinatgag tycagtggat 

ttatatagwt ywittcagttc 

atagaaaagt yoatyctyca 

may be either a or g or c or t /u, 

cagtttctaa tatgttggitt 

ttgttittagc aggtaaaaga 

ataactgtct ttt tatgcat 

ataaaaagag ggaaagctica 

tittaacaaat CtcCttcCCt 

tta acttittg ggctingcatc 

gtcaccinaac ttggcagcag 

tncccataaa. 

taatgaaaga 

cctgttttitt 

tnggaaatgg 

tttyctdtga 

tatyctnagn 

taCactalaat 

taattgagaa 

titt tatt cac 

at Catalacaa. 

ttggcatgcc 

atgtttaa.ca 

tc.ccct tcc. 

cntgnaagct 

aaataat Cta 

360 

431 

6 O 

12 O 

18O 

24 O 

276 

6 O 

12 O 

18O 

24 O 

27 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 
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gtct tact.gt gataact acc caattactitt attatttitt C cagttncagt to caaatgtt 

ttgttggnaan aattitttinct gtttgttgatt titccaagctt agagggggala accaactitt c 

Cagtgttgga gag cactgna tagtt tatgn attgttgtaaa 

<210 SEQ ID NO 44 
<211 LENGTH: 348 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (347) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 44 

tgtttcttaa nacagaaaaa aatttactga tingga cattgttctaagtgt attattgtat 

taaatggat.c atttaattta atctt cataa citgacatagg agttgagtaa cittgttgttggit 

caaatagcta gtaagtgatgagtaggctgg gcgcagtggc ticaa.gc.ctgt aatcc.ca.gca 

Ctctgggagg Ctgaggcagg Cagat cactt gaggt cagga gtttgagacic agcctgginca 

acatggnaaa acct citctic tactaaaaat acaaaaatta gctgggcgtg gtgggingcgc 

acttgtagnc ccagntactic ggaaggcting aggcaggagg aatcgctt 

<210 SEQ ID NO 45 
<211 LENGTH: 430 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (430) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 45 

gct cat catg Ctt cacgggg gaggctgtgc gggaagaatg Ctc.ccacaca gnataaagaa 

tgct cocgca Caggatagag aatgc.ccc.cg cacagcatag agaagcc.ccc gcacagcata 

gagaatgc cc cc.ncacagca tagagaagcc ccc.gcacagn atagagaatg Ctctt cacct 

ctgggtttitt aaccagocaa actaaaatca cagagggcaa cacat cattt aagatagaaa 

tittctgitatic ttittaatttic tittcaaagta gttitt actta tittncagatt c tatttctitt 

actagaatta agggataaaa taacaatgtg tdcataatga accctatgaa acaaacaaaa 

gctaggittitt intncataggit ctinct tccnn attgaatgaa cqtctint cct caaatttanc 

CCCC caggga 

<210 SEQ ID NO 46 
<211 LENGTH: 4 O2 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (4 OO) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 46 

caaacccitat gngaaatgga aaggaaacta ttctaaag.ca taaaagg tag aaatatatat 

accacc catc aagaaagatt atttittgntgaact caagtic accagagtgg ctaaag.ccca 

gtagaatgga aatgattata tigaaggtga ggccaacggg accagaacat actgttgatag 

54 O 

58 O 

6 O 

12 O 

18O 

24 O 

3OO 

348 

6 O 

12 O 

18O 

24 O 

3OO 

360 

43 O 

6 O 

12 O 

18O 
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acagnaagga gctgtctato ttctatt citc ccacagaagg aggtgactaa gtcanct gcc 24 O 

caa.gcaatgt tatat ctoca attgatgtnc agcagtacaa gtctgaacaa cittggattgg 3OO 

ntgattaant gtcc.nacant aaa catacaa gtcntaatag citat citctat atagt ctittg 360 

ggtntttaca aggcactgno acatinatic to acctatt cot co 4 O2 

SEO ID NO 47 
LENGTH: SOO 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (5 OO) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 47 

agnatccaga attgagtgna gngttctict gnc cacagtic ticggitat ctn. Ctgttgaaatg 6 O 

gggtatagat t ct acaataa aacaaacaca ninggc cc tag gtcagtgtta atggagat.ca 12 O 

c canco acat taccacct co aacacagaat tittctttitt c ttaatncaat incgtintctta 18O 

taagt cactt tric cccaact caccaatcta gntaagaatt tttaccctga gaaaaac agc 24 O 

tacactictaa aattgctnca aagaaaatgt cta acatint g gaaagaagga cittaa catgt 3OO 

gangnagaca citggct coat citagnggg td ctittnttittgaaataattat aatnc cncat 360 

caaattitting ggggntacag citt attagga acttgttata gaaccagatt c toccacaga 42O 

ancCacgtgg gttgacaagt ggttgndaga agaaaggtaa tatggctitat nattaggginc 48O 

t cncatctgc agagtaattg SOO 

SEQ ID NO 48 
LENGTH: 460 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (460) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 48 

aaaatgcttg anncaaatgt catctagttc catct citacg act ct catgg ggit coaaaga 6 O 

agagttittan ttgagttitta gaatgtgaag ttgttgaagtg tctgaaaaac tacatggtgn 12 O 

tctgaaagnc aaacttittag ccttggggga gag catctaa gacagnaggit gaagggnagg 18O 

ggittagaact agagggattg aagaat atta t ccatatagg ttagggittag gtninggcaac 24 O 

gttittataga acaaac attg gcaa.gctaca gccacaggcc agatctgtct inctacct tcc 3OO 

cacaaaggtg taataacaaa gttatt caca aatgtgttgaa taalactinnca ttggaaagtg 360 

cc cacgct co tnggitttata cattgttctgt gigotgctitt.c acact acagt agcacaggtg 42O 

agtgtntgca Ctggagacca tatgc.cc.cat agagctittaa 460 

SEQ ID NO 49 
LENGTH: 372 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (370) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

96 



97 

SEQUENCE: 49 

atcaa.gcaac agtgttgttat gcc tatactic 

tittingtatat atgtgtatgt ataagtgtgt 

gaaggtgaaa gaaagcacac ctittatttala 

ggaaaaatga tittatc tocc actittgaaat 

ttittctttitt tagtttnagg gttcttgctgt 

catagntcac acagnoticta act cocaggn 

gtagntggga ct 

SEO ID NO 5 O 
LENGTH: SOO 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (5 OO) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 5 O 

caaaaaatca aagggaagint ggaac ccctg 

gtgnotgctic titcct cacag tacct cotga 

ttgggttgat titt Caacgtg tagtttalaga 

acct aacct c ttggtaacgg tagt cctgag 

gaccacgc.gt Caagctgctg atgggggaca 

inct cqgcc ct caaatctggit agtttctgca 

tgttcaaaat cqntttctitt agggaactico 

ggaaggattt ggaaggaagin thaaaagtic 

ananaggaaa t cacttggcc 

SEO ID NO 51 
LENGTH: 105 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (105) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 51 

catgtttata 

gtgttgttgtat 

gcataaactt 

to Caaaatac 

gttgccCagg 

t caagntatic 

may be either a or g or c or t /u, 

cc cacct citc. 

aaagttcaga 

tgaagagttc 

agttcgcagt 

gaaact tcc.g 

cc.gagggaca 

titccaaagtic 

agnogggaat 
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tgttgttgtatt 

gatgattctin 

tgggttt can 

gtacatatat 

Ctggagtgca 

titcctg.cccc 

Cattic Co. Cat 

att cagttaa 

cgnttggittt 

gtcantgaaa 

gginctat cat 

cagtic cactg 

Caatagtgna 

Cttgatttgg 

aaaaaatgta 

citcccgnttt 

gatactgtct 

tttitt ttt to 

gtagtgttgat 

agnot cotga 

tctgctggtg 

tacagaatta 

aalaccactt C 

atcgt.cctgt 

atctocttga 

cgatgaagta 

aggtggt caa 

ntagntgtgg 

ggaaagaggit citcctaacac ccagacagtg taaaaatcca gtttittcttic ctitttggning 

gagacagagt ct cqcactgt agctic aggct ggagtgcagt ggcac 

SEO ID NO 52 
LENGTH: 387 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (387) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 52 

agtc.ccagct act caggagg Ctgggggagg aagatagctt gag cctggga gttagaggct 

6 O 

12 O 

18O 

24 O 

3OO 

360 

372 

6 O 

12 O 

18O 

24 O 

3OO 

360 

SOO 

6 O 

105 

6 O 

98 



99 
US 7,507,798 B2 

- Continued 

gtgtgagcta tat cacact actgcactico agcctgggca acacagcaag accctaaaac 12 O 

taaaaaagaa aagaaaaaaa aaatatatgt acg tattittg gaatttcaaa gtgggagata 18O 

aatcatttitt coagacagta t citingaaacc caaagttitat gcttaaataa aggtgtgctt 24 O 

t ctitt cacct tcaaag.cggg agaagaat catcatacacac acacacactt atacatacac 3OO 

atatatacaa aatacatttt ttaatacaca catataaaca toggagtatag goatalacaca 360 

ctgttgcttgataaaatata gggat.cc 387 

<210 SEQ ID NO 53 
<211 LENGTH: 38O 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (377) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 53 

tatatttnat caa.gcaa.cag tdtgttatgc ctatact coa totttatatgtctgt attaa 6 O 

aaaatgtant ttgtatatat gtg tatgt at aagtgtgtgt gtgtg tatga tigatt ct cot 12 O 

cc.cginnittga aggtgaaaga aag cacacct ttatttaagc ataaactittg ggittt cnaga 18O 

tactgtctgg aaaaatgatt tat ct cocac tittgaaattic caaaatacgt acatatattt 24 O 

tttittittctt ttctitttitta gtttnagggit cittgctgtgt togcc.caggct ggagtgcagt 3OO 

agtgtgat ca tagnt cacac aggctictaac toccaggntc aagctat citt cotg.ccc.ca.g 360 

inct c ctgagt aggtgggact 38O 

<210 SEQ ID NO 54 
<211 LENGTH: 521 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (521) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 54 

Ctgcagtaag C cacgttcat gcc actgtact ct agcgtgg atgacagaga gagat.cctgt 6 O 

Ctttggaaga aaaaaacaaa aagaaaaaaa aaagagtatg gcc atggcct tataatatag 12 O 

aagggg.tcac at attaatct ctdaaaatgg atctgttgtg ggctitt cata caaggcaa.ca 18O 

gccacagagt acgtacct ga aagctgcctg ggnittaatgg Ctggnagtat gttctaactin 24 O 

gttcaggnac ccatgtcacn actggtggitt acagaatgtgaat ct cacac tdtcc.naaat 3OO 

cggttt tatt tittaaaanga ataattctan tacattacct tataaaaagt agg talaccta 360 

attittggntt ttaaaagtga attgagggca gatgcaa.gtg gnt cacacct attaatcc.ca 42O 

aataccttgg agagggcaag gtaggaggat tittggagc ccaggagtcc aaagacCagg 48O 

c tagggaata ttgnaagaan gtcct citcta caanaaanaa t 521 

SEO ID NO 55 
LENGTH: 516 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (516) 

100 
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<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

<4 OO SEQUENCE: 55 

Ctgcangaag Cttittnttnc titttnggingg agacagagtic ttgctgttgtc. ancccaggct 

ggggtgcagt ggnacagt ca tagct cactg. Caaccttgaa citcCCtggnt catgcgatcC 

t cccact tca gcct ct caag tagctagaac tacaggtgtg caccaccatg cctdactaac 

ttgttt attn gngggagaga gaacgintctt gct at attgc ctaggctggit Cnttgaactic 

ttgggntnca agcaatcc to ctaccttggc citctncaagg tanttgggat tmataggtgt 

gagccacntg catctggcct caatt cactt ttaaaatnca aaattaggitt acct acttitt 

tataaggtaa totattagaa ttatt cittinn naaaaataaa accatttgg gaaaging toga 

gant cacatt Ctgtaaccac cagtggtgaa atgggtc.ccc gaacaaggta gaa catactic 

Ccagcc atta acccCaggga gngttcaagt ccgtnic 

<210 SEQ ID NO 56 
<211 LENGTH: 505 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (505) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 56 

ggat.cctgtt tottaaaa.ca gaaaaaaatt tactgatagn acattgttct aagtg tatta 

ttgt attaaa toggat cattt aatttaatct tcatalactga cataggagtt gagta acttg 

tgtggtcaaa tagctagtaa gtgatgagta ggctgggcgc agtggint cala gcctgtaatc 

Ccagcact ct gggaggctgaggcaggcaga t cacttgagg to aggagttt gagaccagcc 

tggccaac at ggnaaaac ct cqt ct ctact aaaaatacaa aaattagctg. g.gc.gtggtgg 

gtgcgc actt gtagt cccag Ctact cqgala gggttgaggc aggaggaatc gcttggit coc 

cgggagggag aggttgnting tragctgag at Cacgc.cac tng cact coa ggctgggnaa 

caaaagggag acctttinct C aaaaaaaaat naaaataaaa agtgatgagt aggattggga 

cc.cnagacat cittittcticca agacc 

<210 SEQ ID NO 57 
<211 LENGTH: 5OO 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (500) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 57 

ctgcagnotic aaaccottgt cct gggat.ca aacaatcctic ccacct cagc cittcaaagta 

gatagaacta caggcatgca citaccatgcc taattittitta aaaaaaaatt ttttitt caga 

gatgagat ct cactgtgttt cccaggnttgtc.cggaactic ctdgacticaa gcgatcct c c 

Caccittgggc tigccaaagtg ttgggattac aggcatgagc cac catgcct ggc catacac 

tttitttittitt tttittalanca agacggagt c tngttctgtc gcc.ca.gact g gag tdcaggg 

gcqtnnatct tdgct cactt gaaagctt cq cct cocaggg tt catgc.cgt. tct cotgnot 

6 O 

12 O 

18O 

24 O 

3OO 

360 

516 

6 O 

12 O 

18O 

24 O 

3OO 

360 

505 

6 O 

12 O 

18O 

24 O 

3OO 

360 
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Cagcct coca agtinggtggg act acaggna t ctgcaccac gnc cqgttat ttnttgggitt 

tgningnaggg acggggtttc accatgttag gcaggatgac titcggacttic Cng acccaag 

atcaccctgc ticggct coca 

SEO ID NO 58 
LENGTH: 440 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (440) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 58 

gaattic Caga cagcctggg caacacagtg 

ttagctaaag ttgatggnac atgcctgcag 

gatagottga gcc tdggagt tagaggctgt 

cctgggcaac acagdalagac cctaaaacta 

gtntttgggg aatttcaaag tiggagataa 

aaagtt tatg cittaaataaa gotgtgctitt 

toatloacac acacacact atcatCaca 

cattittaa.ca toggggttittg 

SEO ID NO 59 
LENGTH: 513 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (513) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 59 

ggat.cctgtt tottaaaa.ca gaaaaaaatt 

ttgt attaaa toggat cattt aatttaatct 

tgtggtcaaa tagctagtaa gtgatgagta 

Ccagcact ct gggaggctgaggcaggcaga 

tggccaa.cat gignaaaacct cqt ct ctact 

ntgcgc actt gtagt cccag Ctact cqgaa 

ngggagggag aggttggting tangctgag 

caaangngag atcttintctic aaaaaaaaat 

c cccagacat cotintcticca ggacctggna 

SEQ ID NO 60 
LENGTH: 390 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (390) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 6 O 

agactictato 

tcc cago tac 

gtgagctatg 

aaaaagaaaa 

at cattitt to 

citt to acct it 

tttitt acaaa. 

may be either a or g or c or t /u, 

tactgatagn 

t catalactga 

ggctggg.cgc 

t cacttgagg 

aaaaatacala 

ggctingaggc 

atcacgncac 

aaaantaaaa. 

tto 

act acaaaaa. 

t caggaggct 

at Cacactac 

gaaaaaaaaa 

cagacagtint 

caaangcggg 

tncaattin 

acattgttct 

Cataggagtt 

agtggct Caa 

t caggagttt 

aaattagctg 

aggaggaatc 

ttgnact coa 

ngtgatgagt 

aattittaaaa. 

ggggcaggaa 

tgcactic cag 

atatatgtac 

cittgaaaccc 

agaaggat.ca 

naatacaa.ca 

aagtg tatta 

gagta acttg 

gcc td taatc 

gagaccagcc 

gcttgat coc 

gnctgggnaa 

aggatttgga 

SOO 

6 O 

12 O 

18O 

24 O 

3OO 

360 

44 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

513 
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gaattic ct gg inct caagtga t cotct cacc ticago: ct coc aaattgctgg gattagagtg 6 O 

tgagcc actg togcctago cit gcatatat ct atttittaatg actgctaaat citcattgtat 12 O 

gaaaattitat gtc.ctagota taaaatttgn tag cacatgt ttaattittitt ctaattt cag 18O 

atgttittaaa ctaatattitc ccaaagtata gitatggcatt ttagg tatga tatgat ctitt 24 O 

nint cct ctitc gtact cattt ttatagittat ggcctgtgca actggitttcc catttatatg 3OO 

aatgatacag agcttic ct at taagaaaaag titcagcttgg ggaaaaaaaa agtgaattgt 360 

Caacttingag ggaaaaaagt gaattattgg 390 

<210 SEQ ID NO 61 
<211 LENGTH: 366 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (366) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 61 

t caagtacct C cctgaatgg actg.cgtggc ticatcttggc tigtgattitca gtatatggta 6 O 

aaac ccaaga citgataattt gtttgtcaca ggaatgc.ccc actggagtgt tttctitt cot 12 O 

catctottta t cittgattta gagaaaatgg taacgtgtac atcc cataac tott cagtaa 18O 

at cattaatt agctatagta actttitt cat ttgaagattt cqgctgggca togg tagctica 24 O 

tgcc tdtaat cittagc actt tdggaggctg agg.cggg cag at Cacct aag cccagagttc 3OO 

aagaccagcc tdggcaa.cat gigcaaaacct cqtat citaca gaaaatacaa aaattingncg 360 

ggnatg 366 

<210 SEQ ID NO 62 
<211 LENGTH: 498 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (498) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 62 

alacaccaggg incatgagggc actaat cata atgagatatg cct gctggag ticgaagtgga 6 O 

c ctitt.ccagt gaatggaaat cattcccacc acaccaaaat tccagat cag gag togna aca 12 O 

gtaatgtagt ccacagcaac gittataggitt ttaaacactt coctogaaaaa aaattacaca 18O 

gattittaaaa gatgtacaat aattitccacc aaaac attat ttagaataat gtgatggctic 24 O 

c caaac atta gat attaatn toccacctitt ataattittac cataaccitat atcaactgtg 3OO 

ctattattta tittaatnctt coctintaa at taatt tactic titttitttgtt tttgtttittg 360 

ngtttggagc cagtgtct cattttggttgc ccaggcttgg agtaaagtgg gtgcaat cac 42O 

ggct caactg nagt ctittnc citccinggaga t caggtinggit citt coccagg to caanctcc 48O 

taagttggitt ngganaac 498 

SEQ ID NO 63 
LENGTH: 46.9 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
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<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

107 

LOCATION: (1) ... (469) 

unknown or other 

SEQUENCE: 63 

taaacaac agggincatgagg gCactaatca 

gacctitt.cca gtgaatggaa at cattcc.ca 

Cagtaatgta gtccacagca acgittatagg 

cagattittaa aagatgtaca ataattitcca 

t cccaaac at tagatattaa tint cccacct 

tgct attatt tatttaatnc titcc.ctictaa 

tgtgtttgga gcc agtgtct cattttggitt 

acggct caac tognagt ctitt acctic ccgga 

SEQ ID NO 64 
LENGTH: 370 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (370) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 64 

gtttatcaag tacct cocts aatgg actgn 

tggtaaaacc caagacitgat aatttgtttg 

titcc to at ct ctittat ctitg atttagagaa 

agtaaatcat taattagcta tagta actitt 

gct catgcct gtaatct tag cactittggga 

agttcaagac Cagcctgggc alacatggcaa. 

agcc.nggnat 

SEO ID NO 65 
LENGTH: 316 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (316) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 65 

gtcatggtgt toggggag titcttittag 

gaggagtgag gatalaccaga ggt cactic to 

cagottctitt attgcaacca gttittatcag 

actitcc tatc. tcatc.ccgna act aagagta 

gtc.ttggcct tatttinaccc agc.ccctatt 

cctgacacaa goattt 

SEQ ID NO 66 
LENGTH: 448 
TYPE: DNA 

ORGANISM: Homo sapiens 

taatgagata 

CCaCaccalaa. 

ttittaalacac 

CCaaaaCatt 

ttataattitt 

attaatttac 

gcc caggctt 

gat cangttg 

may be either a or g or c or t /u, 

gtggct catc 

t cacaggaat 

aatggtaacg 

tt catttgaa 

ggctgaggcg 

aac ct cqtat 

may be either a or g or c or t /u, 

catgctaatg 

Ctcac Catct 

caagatctitt 

CCtalaccitco 

caaaatagag 
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tgcctgctgg 

atticoagat c 

titc cctdaaa 

atttagaata 

accatalacct 

totttittittg 

ggagtaaagt 

gtcttitccc 

ttggctgtga 

gcc cc actgg 

tgtacatcc c 

gattit.cgct 

ggcagat cac 

ctacagaaaa 

tattata att 

tggittittggit 

atgagctgta 

tgnaaattga 

tngttcttgg 

agt caagtg 

aggagtgaaa 

aaaaattaca 

atgtgatggc 

at atcaactg 

tttttgttitt 

gggtgcaatc 

titt cagtata 

agtgttittct 

atalactott C 

gggCatggta 

Ctaagcc.ca.g 

tacaaaaatt 

agcgtatagt 

gggttittggc 

t cittgtgctg 

agnocagnag 

inccaaacgc.c 

6 O 

12 O 

18O 

24 O 

3OO 

360 

469 

6 O 

12 O 

18O 

24 O 

3OO 

360 

37 O 

6 O 

12 O 

18O 

24 O 

3OO 

316 
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FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (448) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 66 

Ctgcagnc cq ggggat.cctg gtaaaagttca 

aaaggcaagt aaa.cacgtgc agacaaaaaa 

catttittaan gtgggggagg taatgct tc 

gcct tctgag tdttggnaac aacctgtcat 

tccatacatt actaatagat tatacagatg 

ttgtncaa.ca togcaaggitta ccct citttitt 

tttgttgattt ttactago Cn ccactitcatc 

ancCaggaca ggnttnaa Cn aaggaaat 

SEO ID NO 67 
LENGTH: 450 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (450) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 67 

ctgcagct co aag caccttt ttcaaattica 

ggaact atct taccttaatt aataagacitt 

agagcaactic tat cittgaat aggggctggg 

tittgcaggag gttagg tact Cttagttacg 

gct cataaag gat Cttgctg ataaaactgg 

aaaaccalaga tiggtgaggag agtgacct ct 

tattatacat tag catgcta aaaga cactic 

niccatggnaa cqnnccc.gga ngntancttg 

SEQ ID NO 68 
LENGTH: 388 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (388) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 68 

Ctgnagcct C Caccacccag gttcaggtga 

gattacaggc atgtgccacc atgc.ccgact 

t cac catgtt gggcaggctg gtc.tcaaact 

Ctcc caaagt gctgggattt Caggcgc.ctg 

ggtggatt at t catgagttt totgggaaag 

citcc ccttinn nagaccatac aaggtaactt 

tgtcatgging ttggggggga gtgtctitt 

Caagg to agc 

agggataaag 

ccagaatggg 

Cat Cacacat 

gcc at cactt 

tngct tacng 

aaatttaagc 

may be either a or g or c or t /u, 

gctttctgtg 

taaaatcCtt 

taaaataagg 

ggatgagata 

ttgcaataaa 

ggittatcctic 

ccc.gcaacaa 

may be either a or g or c or t /u, 

ttctoctgcc 

aatttittata 

cct gacctica 

gcc tdt tact 

aggtgggcaa 

ccggacgttg 
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c tactaaagc 

aaaagga att 

tittatat CaC 

acctgtcatc 

aac actt CCa 

ccacaaag.ca 

attitt cit titt 

atttcagacc 

gtgtcagagg 

c caag accta 

ggaagtcagc 

gaagctgginc 

actgnt cact 

c catgan agg 

gtagnct cat 

tttittagtag 

agtgatctgc 

tgattatatg 

titc.ccggaac 

gcatggnatic 

agggaaaact 

aagaalactag 

ttgcttgngg 

tittaatggit c 

Ctcacticaat 

ttgganaagg 

toctittaac 

acatatgcaa 

cgtttggacc 

Ctgggctgca 

acaagataca 

aaaac CoacC 

atacgintaat 

tttacaagtt 

gagtagntgg 

agacggggtt 

ccaccittggc 

Ctaaacaagg 

tgagggat.cc 

ttgttaaact 

6 O 

12 O 

18O 

24 O 

3OO 

360 

4 48 

6 O 

12 O 

18O 

24 O 

3OO 

360 

450 

6 O 

12 O 

18O 

24 O 

3OO 

360 

388 
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SEO ID NO 69 
LENGTH: SOO 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (5 OO) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 69 

ctgcagaagt atgttt cotg tatgg tatta 

acacataaat t cittitt coac ct caggginca 

attctitt cct tttctaactt toggtggatta 

atatataaag trhttggtgcc gcaaaagaag 

ttct cagdaa gognaagttac ttctatatag 

Caag.cgcaca tttgggacaa gggaggggaa 

ngctgntgtg timctnccc.cc act gantagg 

attggnta at ttaaagagaa tinatggggtg 

gtagnaggta acttgaatga 

SEO ID NO 7 O 
LENGTH: 435 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (435) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 7 O 

Ctgcagagta attgcaactg gagttgtctt 

gtttct catt cacagaaaaa catttittatt 

tttact tctg act coctitat atttaggatg 

tagggagatgtttgttgt at ggaacttcta 

tottttctico cotact cott cotactgtca 

Ctgaagtaag Ctagaggitta gaagctaaag 

acgtgaagcc accctact aa totgg act gn 

gtatgtgcat tattt 

SEO ID NO 71 
LENGTH: 439 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (439) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 71 

catgct ctitt gtc.cctgtga ct citctgcat 

Cagcttitt at acccggaagg atgggcagct 

aagc.ca.gtgt gigotttitctt tacagcatgt 

Ctggataggg 

ttgggcgc.cc 

aattic ct gtc 

tag cact cqa 

aagggtgcac 

agggttctta 

gttagactgg 

aatgctttgg 

may be either a or g or c or t /u, 

aagataatgt 

cCaggtgc.ca 

gctatgagaa 

aggagagaat 

gaaatgalagg 

aagaaagaag 

ctacctctgn 

may be either a or g or c or t /u, 
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ctgaagttat 

attgctic titc 

at cocco to c 

atataaaatt 

ccntacagat 

tcc ct gacac 

acaggcttaa 

gaggagt caa 

CaCat at CCa 

atatt cocag 

Caagtaaggg 

tctgctgaca 

Ctagggct cc 

gagattgagt 

act actictat 

gctgaattga 

tgcctagaat 

t cittggtgtt 

tt cottt taa. 

ggaacaatgg 

acgtggit coc 

actaatt CCa 

ggalagagnag 

tott.cccott 

c caaaaagac 

caatgacttic 

tgtcc tatgt 

agcctggacc 

CCttggatga 

gagagagaaa 

ggtggtggtc gtggntacca ttaagttcagt 

gtacg tatga gtttggittitt attatt citca 

catcatcacc titgaaggcct citgcattgaa 

6 O 

12 O 

18O 

24 O 

3OO 

360 

SOO 

6 O 

12 O 

18O 

24 O 

3OO 

360 

435 

6 O 

12 O 

18O 

112 



113 

ggggcatgac ttagctggag agcc catcct 

aggggittatt actticatgtt ttaagtggag 

tatggt atta Ctggataggg ctgaagtt at 

Ctcaggggca ttgggcgc.cc attgntct tc 

ggginggatta aatticcitgt 

SEO ID NO 72 
LENGTH: 31.8 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (318) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 72 

tccatctota cqactict cat ggggtccaaa 

agttgttgaag tetctgaaaa act acatggit 

gaga.gcatct aagacagnag gtgaagggga 

tatic catata ggittagggitt aggtgtggca 

cagacacagg ccagntctgt ctinctacctin 

caaatgtgttgaataaact 

SEO ID NO 73 
LENGTH: 450 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (450) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 73 

gttgcaaagt catggatt CC tittaggtagc 

aattgagagt gttacagt ct aattictatat 

aatagtgctt titt cntttitt tttittittntt 

Ctgtc.gc.cag gttggagtgc aatggtgcga 

gttcaagtga ttct cotgcc ticago cinc cc 

acgc.ctggga taattittggg ntttittagta 

tggit cittgga act cotgana totatgatctg 

tncaggggtg agccactgtt cctgggcctic 

SEO ID NO 74 
LENGTH: 489 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (489) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 74 

Ctgtgatggit 

aaaaggaiaca 

gctgaattga 

tgcctagaat 

may be either a or g or c or t /u, 

gaagagttitt 

gntctgaaag 

ggggttagan 

acgttittata 

tccacaaagg 

may be either a or g or c or t /u, 

taCattatca 

cacatgtaac 

tttitt thintt 

t cittggctica 

aagtagntgg 

gagatgg.cgt 

cctgcct tag 
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Caggagcagt 

Ctgcagaagt 

acacatalaat 

att citt to ct 

aattgagttt 

caaacttitt 

Ctagagggat 

gaacaaacat 

tgtnataa.ca 

acctttittga 

ttittatttgg 

ttinggggana 

ctgaaagctic 

gactacaggg 

ttcaccarict 

CCt CCCCaaa. 

tgagaga.gc.g 

atgtttic ctd 

tottt to cac 

t to tact t 

tagaatgtgn 

agcCttgggg 

tgaagaatat 

tggnaagcta 

aagttannca 

gaataaaatg 

atatat cagt 

gagt citcgct 

caccinccc.gg 

gtgcgccacc 

tgging Caggc 

gtgctgggat 

Ctgcagntga gcc.gtgattg cancCactitt act Conagcc tiggcaanca aaatgaga.ca 

24 O 

3OO 

360 

439 

6 O 

12 O 

18O 

24 O 

3OO 

3.18 

6 O 

12 O 

18O 

24 O 

3OO 

360 

450 

6 O 
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LENGTH: 470 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (470) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 77 

ctgcagtgtt taaaaaataa aataalactaa 

ttgtaalacac atgtacaa.gc catataatag 

ctagaaagtic tncacccggc caagataa.ca 

titatgggttgtttact taaa totatagttitt 

tcc.ca.gcact titatgcggct gaggcaggca 

cctgggcaat gtggcaaaac ct catctoca 

ggtgcacaca tdttaatticc cagct acttg 

Ctaggaggga agaagttgna gggancttaa 

SEO ID NO 78 
LENGTH: 445 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (445) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 78 

cact caattic togaatgctgc cat catgatc 

gtggttctgt ataaatacag gtgctataag 

accctgttct tct tatggitt ggg tatt citt 

aaaaatgttt tdt cittctag agataagtta 

acattcaaaa aatacaaaaa ggaagc.cagg 

ggcaggagga t cqcttgggc ccaggagttc 

tgcct c tatt aaagaaaa.ca aaaaacaaat 

tatgtcatga aaaaattagt gtaaa 

SEO ID NO 79 
LENGTH: 496 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (496) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 79 

cctg tattta tactgaacca ccaggaggat 

ggcago attic agaattgagt gcagggct ct 

tggggtatag attctacaat aaaacaaaca 

Caccalaccac attaccacct c caacacaga 

tataagt cac ttitt coccaa ct caccaatin 

aagtttattt 

agttcatttic 

catctittagg 

Caggttgggc 

gat cagttga 

Ctaaaaatac 

ggaggnttga 

tgtcactgca 

may be either a or g or c or t /u, 

agtgt cattg 

gtgagcatga 

gtcacagtaa 

atttittagtt 

tgcatgtgta 

acalagcagct 

attggaagta 

may be either a or g or c or t /u, 

agt catgact 

ctgg.cccaca 

caaaag.ccct 

attitt cit titt 

Ctagctalaga 
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atgaggagta 

nnaccctagt 

taaaaatagc 

acagtggint C 

ggt cagalagt 

aaaaattagc 

gacaggaggg 

ctictagnttg 

ttgtcatgac 

gacacagat C 

cittaact gat 

ttct tcc to c 

atgcc aggct 

tgggcaacgt. 

ttittatatgc 

acaatgacnc 

gtc.tc.ggitat 

aggtoagtgt 

totta attca 

atttittalacc 

cactgctitt c 

tacggaalaca 

aagaaatatt 

atgcctgtaa 

ttgagaccag 

Caggcatggit 

tcgcttgginc 

tannct c ctd 

tttgnttitcc 

Ctaggaaaga 

t cactgtgga 

cagaggctga 

agcaagaccc 

atggaatcta 

tgat catgat 

cittctgttgaa 

taatggagat 

att cqnatct 

tgagaaaaac 

6 O 

12 O 

18O 

24 O 

3OO 

360 

47 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

445 

6 O 

12 O 

18O 

24 O 

3OO 

118 



agctacactic 

tgtgaagcag 

Catcaaattit 

119 

gaalaccacgn gggctg 

SEQ ID NO 8O 
LENGTH: 496 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (496) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 8O 

Cattagataa tigntcaggg toggccaaggc 

tattgtcatt ctataagcac aagaaaaa.ca 

alaggtaacgg ttagacctgg gattaacaac 

alagcaagaaa aaacaatgta Caggaagitat 

gttcactgaa gcc attcagg toctic tottt 

tgttcatc cc aacatacaca attgtactta 

Ctgcatgaaa acttgtttac tectgcagg 

tgtgatttca gaccacatat gcaaggaact 

CCttgttgtca gaggcg 

SEQ ID NO 81 
LENGTH 368 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (368) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 81 

aggancCtt gggcc.cagga gttcacaa.gc 

tattaaagaa aacaaaaaac aaatattgga 

atgaaaaaat tagtgtaaaa tatatatatt 

tatgttatinn ngggattitca atgcc tttitt 

aacaaaaaaa gttgtaactgaaaaataaac 

tttittgnttgtttgtttgnt togttgaagica 

OTHER INFORMATION: where n may be either a or g or c or t /u, 

aagtgcag 

<210 SEQ ID NO 82 
<211 LENGTH: 5OO 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (500) 
<223> 

unknown or other 

<4 OO SEQUENCE: 82 

ttitt cagtaa 

agaccc.gtca 

gcagtttaaa 

tacctgggtc 

tcc tittgaga 

tccaa.gcacc 

at cit tacct it 

may be either a or g or c or t /u, 

agcttgggca 

agtatttitat 

atgattagnt 

aggcc attgt 

attitcCatat 

gggccttgcc 
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gttgttgctic C 

atcagattct 

ctatogagttc 

agtictagatt 

ttggnttgct 

tgtacct taa 

tttitt Claaa. 

aattaataag 

acgtagcaa.g 

atgcatggaa 

atcaagattit 

Ctcaaaaaat 

aatagcacaa 

Ctrl.ccaccoa. 

taaaattgct tcaaagaaaa tdtctaa.cat atggaaagaa gogacttaa.ca 

acactggctic catctagtgg gtgctittata ttgaaataat tataatacct 

tittnggg tac agntt attag gaacttggta tigaaccaga ttctgccaca 

tgcc.gttctic 

Cagcagaatc 

taaaaac citg 

atctatoatt 

c catt ct ct c 

at actgacac 

ttcagctitt c 

antittaaaat 

accct gcctic 

tctatatgtc 

agtgataatt 

aaaagcagaa 

tctaagtggg 

ggntggagtg 

360 

496 

6 O 

12 O 

18O 

24 O 

3OO 

360 

496 

6 O 

12 O 

18O 

24 O 

3OO 

360 

368 
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gaattic ctitt tttitttittitt tttitttttitt 

taactggata gnacaaagtt ngncttingtt 

tgting.ccc.gt atgactitt co tdtcc catcg 

citatctgngg intacatgatt tagctaattit 

tat caa.catgaaacttggac tatgtcticta 

ttagaaacaa aaaccatcca citt attaatc 

tcqcatnaac togalacatacg aagttaccac 

tntintcttac gggg tacging aattcaaaca 

tctgac catc gntt cagtat 

SEQ ID NO 83 
LENGTH: 450 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (450) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 83 

gaattic ctitt act cittctitt aattic taccg 

agaaggtotg acagnagggc tigacagdacc 

agagta agaic cct agaataa tdggaccatc 

gtagaaaaag actgcttgttg tdggagagaa 

gtgagcgtac aagtatintct acaaatticag 

acatgataga gaattgatga gaaaatagct 

aacctgaggit taaaacttitt aggatnaagc 

gaatggaaac acagacggga atgagtint Ca 

SEQ ID NO 84 
LENGTH: 450 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (450) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 84 

caactg tatt tatacagnaa ccaccaggag 

atagoc ccct tt cactitctgagt cocagag 

ctgcttctitc. tca catgana aaaactagoc 

ccgggt cag gttcggat.cc tigatgacag 

tgtggtacat ggacggint at Cacaacaacc 

actt catgaa cacgga caat titcacctic cc 

ggnaggtggt Ctncaacggit totttctinct 

ggtttggacc talaganaga gaa catcCtc 

SEO ID NO 85 
LENGTH: SOO 
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ttinct cotaa totttittatt 

titt tacttaa aaaacgtact 

gaalaccagag titt coccagg 

aacaagaaga gagtaatt CC 

taagggtgaa cactgattitt 

caaactacgg gattggattt 

t caagggaat nacagaagaa 

atgtggggan aggaact tca 

may be either a or g or c or t /u, 

t ctittgggca tacat ct cat 

gatt cataac acatt cittitt 

tgctaccacg acagagctgc 

gaatgaggac agaggaggca 

aatttggtgg aaaatcCaaa 

gtinctgttitc caaaatttac 

aacticaggitt caagactting 

may be either a or g or c or t /u, 

gatagt catg acaacaatga 

gttacccaag goacc cct ct 

CCC agtntga t c cqcaggtn 

accct ct cqc ccctgaaggin 

gct tcgnacg tagtacaag 

acct ct coc ccacc cctdg 

t caacaagtt coaga.gc.cac 

gtncottaga 

titcc.gcatac 

tgagc ccttic 

ttinggattat 

tttitt tottt 

acaacaatca 

cgttgnacaa 

totacaaan 

ttgntgtgga 

Cat Catacala 

Cttactggct 

tctggggcaa. 

tittgnctitca 

tgaatttggg 

inctngggaag 

caaac tagga 

gacat Coggc 

gaggaatncC 

gataa.ccggg 

tccatggttg 

tCgggcacgg 

atcatCatca 

6 O 

12 O 

18O 

24 O 

3OO 

360 

SOO 

6 O 

12 O 

18O 

24 O 

3OO 

360 

450 

6 O 

12 O 

18O 

24 O 

3OO 

360 

450 
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OTHER INFORMATION: where n may be either a or g or c or t /u, 

&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (500) 
<223> 

unknown or other 

<4 OO SEQUENCE: 85 

ggat.ccct co cotttittaga ccatacaagg 

aactgt catg gtgttggcgg ggagtgtctt 

tagtgagcag taggataac cagaggtoac 

tggc.ca.gctt ctittattgca accagttitta 

gctgact tcc tat ct catcc cqtaactaag 

gtaggit cittg gnct tattitt acc cagoc cc 

cgcct ctdac acaaggattt taaagttctta 

gtggtctgaa at Cacagaaa gctgaatttg 

acaagttitt C atgcaggtgt 

SEQ ID NO 86 
LENGTH: SOO 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (5 OO) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 86 

Ctgcagtgag ccaaaatcgt gcc actgcac 

cctgcttcaa Caaacaaa.ca aacaaacaaa. 

atgtttattt ttcagttaca acttitttittg 

ctaaaaaggc attgaaatnc caaaataa.ca 

ataatatata tattitt acac taatttitt to 

ctitccaat at ttgtttitttgttittctittaa 

Ctgcttgttga act cotgggc cca agcgatc 

cacatgcacc toggct tcc tt tttgtnttitt 

Ctrlaaaatta actitat ct ct 

<210 SEQ ID NO 87 
<211 LENGTH: 450 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (450) 
&223> OTHER INFORMATION: where in 

unknown or other 

<4 OO SEQUENCE: 87 

Ctgcagatga gaggcact aa ttataagc.ca 

gcc.cacgtgg tttctgtggc agaatctggit 

aaaaaaattit gatgaggt at tataattatt 

gtgtctgctt cacatgttaa gtcct tctitt 

taact tccgg 

ttagcatgct 

t ct cott cacc 

t cagcaagat 

agtacctaac 

tatt caagat 

ttaattalagg 

gaaaaaggtg 

may be either a or g or c or t /u, 

ttcactic cag 

aac Coactta 

tttitctgctt 

taaattatca 

atgacatata 

tagaggc agg 

citcctgcctc 

ttgaatgttc 

may be either a or g or c or t /u, 

tattacct tt 

totataacaa. 

toalatataaa. 

c catatgtta 
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acgttgc cat 

aatgt attat 

atc.ttggittt 

citt tatgagc 

ctic ct gcaaa 

agagttgctic 

talagataggit 

Cttggagctg 

Cctgggtgac 

gattgttgcta 

ttatttgttg 

ctaaatc.ttg 

gattic catgc 

gtc.ttgctac 

agcct Ctgag 

Cacagtgagg 

cittctgacaa 

gttcc taata 

gcacc cacta 

gacatttitct 

ggcatctgta 

aattagcgta 

tggtgggttt 

tgitat cittgt 

tngcagocca 

ntggit coaaa 

ccttggatat 

Cagc.cagtaa 

agggcaa.ggc 

ttatatggaa 

agacaatggc 

atalactaatc. 

atataaaata 

gttgccCaag 

cctggcatta 

aggaagaaaa 

c cacttgtca 

agctgtagcc 

gatggagc.ca 

ttgaa.gcaat 

6 O 

12 O 

18O 

24 O 

3OO 

360 

SOO 

6 O 

12 O 

18O 

24 O 

3OO 

360 

SOO 

6 O 

12 O 

18O 

24 O 

124 
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tittagagtgt agctgtttitt ct caggittaa 

aaaagtgact tataagatac gaattgaatt 

taatgtgggt ggtgat Cttic attaa.cactg 

gaatctatac cc catt cana gaagataccg 

SEO ID NO 88 
LENGTH: 502 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (502) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 88 

Ctgcagc.cag taaacaagtt tt catgcagg 

aagtacaatt gtgtatgttg ggatgaacag 

aagagaggac Ctgaatgcct t cagtgaaca 

tact tcctgt acattgttitt ttcttgctitc 

ttgttaatcc caggtotaac cqttaccttg 

gtttitt cittg togcttataga atgacaatag 

ccttggccac cct gagcc at tat ctaatgg 

gaggaagatg aggaagaaga tigaggagctg 

atgct cnttg gcc ctdtgan to 

SEO ID NO 89 
LENGTH: 499 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (499) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 89 

ctgcagtgtt cottitt ct co acttaaaa.ca 

CtcCtgacca t cacagagga tigggctict Co 

Cttcaaggtg atgatgacat gctgtaaaga 

caaaact cat acgtacagct gcc catcc tt 

agcc acgacc accaccatgc agaga.gtcac 

gndatatttic aatgtcagnt cct catctitc 

gttacCntgg gtcgt.c catt agataatggg 

tgct cotgcc gttct c tatt gttcattctat 

gatnct cagc agaatcaag 

SEO ID NO 9 O 
LENGTH: SOO 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (5 OO) 
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aaatt Cttag ctaggattgg tagttgggg 

aagaaaaaga aaattctgtg ttggaggtgg 

anctagggint ttggggtttg gtttattgta 

may be either a or g or c or t /u, 

tgtcagtatt 

agagaatgga 

atgatagata 

aggtttittag 

attctgctga 

agaacggcag 

acgacccagg 

acattgaaat 

may be either a or g or c or t /u, 

tgaagtaata 

agctaagttca 

aaag.ccacac 

ccgggtataa 

agggacaaag 

t to ct catct 

tCagggtggc 

aag caca aga 

taagg tacat 

gcaa.gc.caag 

atctagacitt 

aact catagt 

gaatctgatt 

gag cacaacg 

gta actic cc.g 

atggcggcna 

acc cct cqnt 

tgc cc ctitca 

tgggtttgag 

aagctgactg 

agcatgat.ca 

tgntccacca 

Caaggct cog 

aaaa.cattt 

Ctcaaaggat 

acccaggtaa 

ttaaactgca 

gacgggtctg 

tactgaaaat 

acagacggag 

gCaggtggtg 

gcatgtgat C 

citct caactg 

atgnagaggc 

aataataaaa. 

acttaatggit 

Catgcttggc 

Cctgc.cggga 

tctgtcgttg 

cagtaaatca 

360 

450 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

499 

126 
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<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

<4 OO SEQUENCE: 9 O 

taactic ccag gnt caagatn totnc ctd.cg ttagcct cott gagtagctgg gactataggit 

atgtgccact atticctgaaa acataatcag titttgaaggit agtgtctggg Ctgggcgcag 

tggntcacgc CttcaatcCC agc actittgg gaggincgagg togcggat.c acctgaggit c 

aggagttcga gaccagoctd accaa.catgg gataagactic catct ctact aaaaatacaa 

aaaattagcc aggcatggtg gng catgcct gtaatcc cag Ctact cagga ggntgaggna 

ggagaattgg ttggaaccta ggaag cagag gctgtggtgg agcc.gagat C gcaccattgg 

actic Caggct gggnaacaag agtgaaaatc Cnt.Cttaaaa aaaaaaaaaa aaaggtagng 

ttittgnccgg ngcggggggt cacgc.ctgta atc.ccagnat tdgganggc aaggnggggg 

gtcannangn nagnagtc.cg 

<210 SEQ ID NO 91 
<211 LENGTH: 502 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (502) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 91 

gaattctgct gacatgtcct atgttcttitt citc cc ct act cottcc tact gttcagnaatg 

aaggg taggg Ct c cagcctg gaccctgaag taagctagag gttagaa.gct aaagaagaaa 

gaaggagatt gag to Ctting atgaacgtga agccaccgta Ctaatctgga citgcctacct 

ctgcac tact c tatgagaga gaaagtatgt gcattattta aaccagttgg gttgattitt c 

tattaacaaa gtcagaaaca totctgtaaa aagccagact gaatattitta agctictatogg 

gtcatatggt CtcCagggca aac acticaac ttgctactg. tagtgttgaaa gCagg cacag 

acaatgtatt aaccalaggag ggtggit cact titccalatgaa agttt at cac alaattgginga 

at acttggta ttacaccining ggggalaggta ggagaagatc ttgcctgtgg ttgtngntgg 

caatgttggit cittittatacg ng 

<210 SEQ ID NO 92 
<211 LENGTH: 495 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (495) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 92 

gaattct citc cittagaagtt ccatacacaa cacat ct coc tagaagt cat togc cct tact 

tgttct cata gcc atcctaa atata aggga gtcagaagta aagttctggnt ggctgggaat 

attggcacct ggaataaaaa titttittctg taatgagaa acaaggggala gatggatatg 

tgacattatc ttaaga caac to cagttgca attactctgc agatgagagg cactaattat 

aagc catatt acctitt ctitc togacaaccac ttgtcagc.cc acgtggtttic tdtggcagaa 

tctggttcta taacaagttc ctaataagct gtagccaaaa aaatttgatg agg tattata 

6 O 

12 O 

18O 

24 O 

3OO 

360 

SOO 

6 O 

12 O 

18O 

24 O 

3OO 

360 

6 O 

12 O 

18O 

24 O 

3OO 

360 

128 
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attatttcaa tataaag.cac ccactagatg gagccagtgt ctoctitcaca tottaagt cc 42O 

ttctitt coat atgttagaca tttctittgaa goaattittag agtgtagctg tttct caggit 48O 

taaaattctt agtag 495 

<210 SEQ ID NO 93 
<211 LENGTH: 5OO 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (500) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 93 

tatggttgcc tatt cittgtc. acagtaactin aactgat cta ggaaagaaaa aatgttttgt 6 O 

cittctagaga taagttaatt tttagtttitc titcct cotca citgtggalaca ttcaaaaaat 12 O 

acaaaaagga agcCaggtgc atgtgtaatg C caggct cag aggctgaggc aggaggat.cg 18O 

Cttgggcc.ca ggagttcaca agcagcttgg gcaacgtagc aagaccctgc Ctct attaaa 24 O 

gaaaacaaaa aacaaatatt ggaagtattt tatatgcatg gaatctatat gttcatgaaaa 3OO 

aattagtgta aaatatatat attatgatta gttat caaga tittagtgata atttatgtta 360 

ttittgggatt toaatgcctt tttaggcc at tdt citcaaaa aaataaaagc aggaaaacaa 42O 

aaaaagttgt aacttgaaaa ataaacattt coatattitat agccaactaa gtgggittting 48O 

ggtinggittgg gttggttggit SOO 

<210 SEQ ID NO 94 
<211 LENGTH: 385 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (385) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 94 

titat cattaa caggtoccac aaccottaaa aagtacagat ttttitttitt c ttingtggaga 6 O 

Cagggit ct ca Cttggit cqcc Cagactggag to agtggca Catctgagt t caccacaac 12 O 

Ctctgcct co tdgttcaag caatinct.cgt gcttaa.gc.ct cctgagtagg togalaccacg 18O 

cgtgcgc.gcc accacgctag gttnattgttg gctttitt tag tagagaCagg gtttcgc.cat 24 O 

gttgcc cagg ctggtct can atticcing acc ticaagtgatc cqnccgc.ctic agacticc caa 3OO 

agtgntgagc attacagntg togtaccacta tdtcc cngnc cncatct ct c tittaaaacan 360 

cittncattta cctagt cc act cotg 385 

<210 SEQ ID NO 95 
<211 LENGTH: 330 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (330) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 95 

gacctagaaa agaaag catt toaanntaat taacaggtoc cacaa.ccctt aaaaagtaca 6 O 
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gattittttitt ttctittningg agaCagggtc. tcactttgtc gcc.ca.gactg gagtgcagtg 12 O 

gcacgatcto agct caccac anc citctgcc ticcitgggttcaagnanttct cqtgct tang 18O 

Cctic ctgagt aggtggalacc acgcgtgtgc gccaccacgc taggctact t timtgt attitt 24 O 

tagtagagac agggitttcqc catnittgc cc aggctgntct caaattic ct g accc.ncaagt 3OO 

gatcc.ccc.cn cct tcagtact coccatcag 33 O 

<210 SEQ ID NO 96 
<211 LENGTH: 382 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (382) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 96 

ggtgginctt Ctagaactag tigcncccala ggnagaagaa gttitt Cttag tacagaacaa 6 O 

aatgaaangt citcc catgtc. tacttctitt c tacacagaca cqgcatc cat cogtttittct 12 O 

cant ctitt conccacctitt c ccgtc.tttct attccacaaa gcc gncattg tdatcctggc 18O 

CCnttcticaa tagdtgttg nint acacct C C Cagacggcg tdgtggincgg tdagaggggc 24 O 

t cct cact tc C cagtagggg toggc.cgingca gginggtgc.cc Cncaccc.ccc gggcggggtg 3OO 

gttingtocnn. ccdgngggnt gcaccinccc.c. caccc ct coc cinct ctincta citgg.cggtcg 360 

tntattncan natctttaag Ca 382 

<210 SEQ ID NO 97 
<211 LENGTH: 360 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (360) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 97 

ggat.ccaaag gaagttagag gcc agct cag totacacctg. Ctact.gntca gtgcc caccC 6 O 

ggtcaaggga gaccalacaca ttaaaggit Caagggcttic ttggaaggca gtcagcago C 12 O 

tgtgcaagat gttctic caca Ctgct cagnt taaggggagc tiggggggagg accticagotg 18O 

gnat citctgc titcaccagtg tcc aggggitt gcacaattct tdtttact cq taggatattt 24 O 

aatc.ttgginn ggtgctatica taaatgggac titatic cinctn attatgttitt cittac tagtt 3OO 

gtttatgtga aggttattga tittgggtttc actittatttingtggnaatgg agttt cactic 360 

<210 SEQ ID NO 98 
<211 LENGTH: 2O8 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (208) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 98 

aatgtcacgg attic ctittag gtagntacac ccatcaacct ttittgagaat aaaatgaatt 6 O 

gaga.gtgtta cagtictaatt citatat caca totaacttitt atttggatat at cagtaata 12 O 
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gtgcttttitt tttitttitttt ttttittttitt tttitttitting gnganagagt citcgctctgt 

cgc.caggttg gagtgnaatg gtgcgatc 

<210 SEQ ID NO 99 
<211 LENGTH: 470 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (470) 
223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 99 

aacaaggttt Ctcggit cqgc ggtgaatata ccggggggtc gat atttgtt gcggaatact 

CCCCtgaccg taaacgtggc titt atgggca gctggctgga citt.cggttct attgc.cgggt 

ttgttgctggg togggcgtg gtggtgttaa titt cac cat titcggc gala gcgaact tcc 

tcgattgggg Ctggcg tatt CC9ttctitta t cqctctgcc gttagggatt atcgggctitt 

acctgcgc.ca togctggaa gagacticcgg C9ttcCagga gnatgtcgat aaactggaac 

agggcgaccg talaggtttg gaggatggcc caaagttctic gtttaaagag attggcact a 

aatactgging Cagnctgttgaatgtttggg Cttggtaatt ggcaa.ccaac gtgattact a 

natgttggtg accitat attg ccgagittatt gg.cggataac ctdaattatc 

<210 SEQ ID NO 100 
<211 LENGTH: 440 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (440) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 1.OO 

taattatatt gaaatgctitc. tcntctaggit catccatgno tiggint tatta tat catctot 

attgntgntg ct ctitttitta catncattta cittgggg taa gttgttgaaat ttggggtctg 

t ctitt cagaa ttaactacct ningtgctgtg tagctat cat ttaaa.gc.cat gtactittgnt 

gatgaattac totgaagttt taattgtntic cacatatagg toatacttgg tatataaaag 

actagncagt attactaatt gagacattct tctgtingctic ctingcttata ataagtagaa 

ctgaaagnaa cittaagacta cagittaattic taa.gc.ctittggggaaggatt atatago citt 

Ctag taggaa gtcttgttgcn at Cagaatgt ttntaaagaa agggtnt cala ggalating tat 

aaanac caaa aataattgat 

<210 SEQ ID NO 101 
<211 LENGTH: 449 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (449) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 101 

aaaacaaagc ct Cttgaggt t ctgaaaagg gaaagaaaaa Cagaactttgtcactacaa 

titat actgtt ataaaaaa.ca citt coataga ttacattaag cagaaacaaa cctitt ctitt c 

18O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

47 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

44 O 

6 O 

12 O 

134 



US 7,507,798 B2 
135 136 

- Continued 

atgtgttct c ct C caggc.ca agctgtctaa ggaccgcaaa ggctgttgtc acttgcaggc 18O 

t cccagatta ggtctgaaat aggattt cac caggt catcc attgttagtt aaatcc tagt 24 O 

aaatt cattt anaccalatca aatacttata agaccaattt gtaaaccagg aatgt attaa 3OO 

tttgtcacga ctittcaacta actgacaa at titactataag citcaagg tag gactic tittag 360 

caataagtag gaaccoccitg agacaaccaa acattttcaa cccacaaang atactittaat 42O 

gactittctga tittncCagga aaagggggg 449 

<210 SEQ ID NO 102 
<211 LENGTH: 425 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (425) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 102 

ggat.ccgc.cc ticcitcggcct cccaaagtgt tigattaca ggcgtgagcc accgcacctg 6 O 

gctttitttitt tttitttitttt togging gagac agagt cittac totgttgcc c aagctggagt 12 O 

gcagtggtgc aatcttggitt cactgnaacc ticcacct coa gagttcaagc aattct citgc 18O 

Ctcagtttct ggagtagctg ggattacagg to ctgc.cat cacgc.ctggc taaatttggn 24 O 

atttittttitt agtagagaca gggttt cacc atgttggcca ggctggit citt gaact cotga 3OO 

cCttgttgat C Caccagcct c ggc ct cocaa attgntggga ttacagg.cgt gagccaccac 360 

aaccaggcta aagttittaaa acatgccaag td tatttaca taatgcgata cqaint tatgt 42O 

acata 425 

<210 SEQ ID NO 103 
<211 LENGTH: 386 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (386) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 

<4 OO SEQUENCE: 103 

ggat.ccgc.cc gcc ttggcct cccaaagtgc tigggattaca ggcatgagcc accgctic ctg 6 O 

gctgagtctg catttcttg cca.gctictac ccagttgttgt catcttaagc aagt cactga 12 O 

acttctictogg attic ccttct c ctnttgtaa aataagcatgttatctgtcc innc ct gcctt 18O 

gggcattgttgataaggataa gatgacatta tagaatnting caaaattaaa agcgctagac 24 O 

aaatgattitt atgaaaat at aaagattagn ttgagtttgg gcc agcatag aaaaaggaat 3OO 

gttgagaa.ca ttc.cnttalag gattact caa got coctittg gtgtatat ca gnngtcanna 360 

cntatic ttng giggctgaaaa atgttt 386 

<210 SEQ ID NO 104 
<211 LENGTH: 224 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (224) 
<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 

unknown or other 



<4 OO SEQUENCE: 104 

gaaaagggaa agaaaaacag 

c catagatta cattaa.gcag 

tgtctaagga cc.gcaaaggc 

attt caccag gtcatc catt 

137 

aactttgtgc 

aaacaaac Ct 

tgttgtcact 

gttagittaaa 

SEO ID NO 105 
LENGTH: 440 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (440) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 105 

ggat.ccgc.cc ticcitcggcct cccaaagtgt 

gctttitttitt tttitttitttt togging gagac 

gcagtggtgc aatcttggitt Cactgcaacc 

Ctcagtttct ggagtagctg ggattacagg 

atttittttitt agtagagaca gggttt canc 

Cctggtgaac Caccaggctic gggct coaaa 

cacaac coag notaaagttt traaaacatin 

tattgtacaa ttaattitt at 

SEQ ID NO 106 
LENGTH: 448 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (448) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 106 

gtctitt coca tottct coac agagtttgttg 

gaaagcattgtcagotctitc caatctocat 

agattatctt gtacagoctt titatggacca 

tatttgcggn tagaatcc.ca toggatgtttc 

caaaggtgat titt cotgtgt cca catctaa 

aggttc ctitc caagttctitcc tdaccaccitt 

atagaaaacg attittggaac at actitcatc 

inctaccalaga tittgcggginc gaggt caa 

SEO ID NO 107 
LENGTH: 198 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (198) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

act acaatta 

ttctitt catg 

tgcaggcticc 

tcc tagtaaa 

may be either a or g or c or t /u, 

tgggattaca 

agagt cittac 

to Cacct CCa 

tgcctgc cat 

atgttggc.ca 

tittggttggg 

caaagtgttt 

may be either a or g or c or t /u, 

CCttacatta 

Cacct ttggg 

attagcattc 

ttctittgact 

caaagttcaag 

gCact attgg 

gCagggggac 
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tactgttata aaaaacactt 

tgttct c ct c caggccaagc 

Cagattaggit Ctgaaatagg 

tnca 

ggcgtgagcc accgcacctg 

tctgttgcc C aagctggagt 

gagttcaagc aattctic togc 

cacgc.ctggn taaatttggg 

ggntggit Ctt ggact cotga 

attacagggg gtnaancaiac 

taaaatnatg ngatacgatt 

ttact cott g c cattttcaa 

cittgttittct actittgccac 

catcaattitt at atctagoa 

ataacaaaat Ctggggagga 

atcc.ccggct ggacttittgg 

actittggnaa ggaggtgcct 

tgttgtc.cccc ggtggcagaa 

6 O 

12 O 

18O 

224 

6 O 

12 O 

18O 

24 O 

3OO 

360 

44 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

4 48 

138 
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LOCATION: (1) . . (550) 
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<223> OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 110 

ctgcaggatg agagcgat ct cittnttncat 

ttctitt cqcc ataataaatt citcctgacna 

aattt Caggit ggaagggctg ttcacgttga 

Caatccatgc cqgatgcagc gtaaacgc.ct 

Caatgg tacg ttggat Ct c atgattitcga 

cgttgtagtt cittaacgc.cg ataccacatt 

t ctittggaag C9gggcaggg act coagctic 

gaacgcgggit cqggttgtga C9tttalacac 

gnaccalaatt t cqggggatt tacaagtic 

tgttcagttc 

SEQ ID NO 111 
LENGTH: 541 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (541) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 111 

ctgcagctitt cotttaaact aggaagacitt 

cactaa.gcaa atagoagtica aaccolaaatg 

tnttgtttat gttgtc.t.ccc ccacc cccac 

t caacgt.ctin nintgtgtaaa aagagacaaa 

citcc ctacca cccatttaca agtttagc cc 

tcttittincta gatttagtgg ctgngttgtg 

aaac agctica ggagagaaat gaaacgctitt 

tggagaatga tattgaatta gtaat caging 

actatoggcaa titt canggna cittgtct cat 

9 

SEQ ID NO 112 
LENGTH: 241 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (241) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 112 

ninco Cincincin nnnnnnnttin intnttgc.ccg 

cggtggcggn cgntctagaa ctagtggatc 

gatgcgc.cgc gttgcggttgc tiggagatggc 

ggtttgcgca ttcacagttc. tcc.gcaagaa 

titcctg.cgct acgc.gctg.cg ggcgaccaaa 

aaaagggg.ct gttagcc cct ttittaaaatt 

Cctgataaga cqcgc.ca.gcg tca catcagg 

tat cocq cat ggaac cctaa aaaccittaag 

at actt.cgat Cacat cqnca gtgcggacgt. 

c cataccgtt acggg acttic gttaacgt.ca 

gnctt.cgtag atalaccacgt tdgcacgcag 

aactt Coggg taaccataca ggctgngatg 

aagaact tcc cqc.ca.gaccg ataatcttgt 

may be either a or g or c or t /u, 

gttcc tatac cccagtaacg atacactgta 

aaatttntac agatgttctg togt catttta 

cagttcacct gccatttatt toatatt cat 

aaacattaaa ctitttitt cot togttaattic 

atacatttta ttagatgtct tittatgttitt 

tcc.gaaaggt C cactitcgta ttgctggttg 

titc.ca.gct ct catttactic c totaagtatt 

tagaattitat cqggalactitg aaganatgtn 

cittaaatgan agnatcc ct g g actic ct gna 

may be either a or g or c or t /u, 

atalactatag gging acttgg agatccaccg 

CCC cqggntg CaggaccCaa cqctgc.ccga 

ggacgcgatg gatatgttct gccaagggitt 

ttgattggct C caattcttg gagtggtgaa 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

550 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

541 

6 O 

12 O 

18O 

24 O 

142 



143 

SEQ ID NO 113 
LENGTH: 834 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (834) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 113 

ccc.ccc.cncc nnnnnttittn ngcagc.ccgt. 

ggtaccgggc ccc.cccticga ggt cacggit 

tgtttaaaaa ataaaataaa ctaaaagttt 

acacatgitac aagccatata atagagttca 

agt citt cacc cqgccaagat aacacat citt 

ttgttt actt aaat catagt titt caggttg 

actittatgcg gntgaggcag gcagat cagt 

caatgtggna aaacct catc. tccactaaaa 

Cacatgta at tccagntact tdggaggct 

ggaggagttg gagtgagcta atgtcaatgc 

ttct tccaaa aaaaaaaaaa aaaaaaaag.c 

attingggagg ccgnggaggn naticantgng 

gaac cc.gttn ttnttaaatn aaaattagcc 

nggtgnggag gat Cnt tatt ntgginggagg 

SEQ ID NO 114 
LENGTH; 838 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (838) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 114 

ttggg.cncinc gcc cct taan tttittatingn 

at atttitttn ttgttgacc cc ttittaaaagg 

gatttangtg ggtgnttittn ttatatttitt 

annt cntacn atnggnancq togactictdtc 

ggnincotcgc gcnn.cncggg Cnningtttitt 

incint ccaacg gngctinngaic anningnninct 

tninngnnnnc ngnCng Cngn gocntgcginn 

gntgct Cninc incinngngtnin tragtaggna 

gagnanagCn anntngningn agngnngntg 

nttacngging cnn.cctingaa naagingningt 

tnt coacngg natingtgnnt cntacingtta 

aattacCCtc. 

atcgataagc 

att tatgagg 

titt titt acco 

tag taaaaat 

ggCacagtgg 

tgaggltd aga 

atacaaaaat 

gagaCaggag 

act cittggitt 

Caggtgnggn 

gnagging to a 

9999.199999 

gtggatginnic 

may be either a or g or c or t /u, 

ttinct anaaa. 

gacccinctaa 

ggngagnnt c 

nttingtnann 

titt citt 

ntcgngggtin 

ningnningngg 

titt titt 

cgcgganntt 

anngtgc.cga 

ngggning cnn. 
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actnc.cggga 

ttgatat cqa 

agtacactgc 

tagttacgga 

agcaagaaat 

nt catgcctg 

agtttggaga 

tagnc aggca 

gat.cgnttga 

gggg.cganag 

ggt caaggct 

agingggg.cng 

aggactint at 

cagttgacnc 

aananninggc 

aaaattittent 

tgtag tont c 

ntcgntnt cin 

tittaa.gc.cna 

coctic titt 

nnngntinnca 

acttgc.cnn.c 

cc cct gatna 

gnogctannic 

gancqntg 

acaaaagctg 

att cotgcag 

titt cittgtaa 

aac act agaa 

attitt atggg 

taatcc.cagc 

ccagnctggg 

tggtggtgca 

acctagggag 

agcaagatct 

gtaatcCaga 

gcc acatggg 

CCngttc.cgg 

cc cc 

Cintaaaat 

ggittnintttn 

CCCtcaaac 

ngtnatt cna 

annct cagta 

ngnncrlinggc 

tanggatingn 

nnntngctgc 

inct cagcing 

tgagcct gag 

ant cnccggn 

241 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

834 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 
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ngancnagcg actgcctintc angcgaan.cg trht Canginnin gtagagcana gggtnanning 

t cnnnnaagc ntnnagtgan tdt cintinacn ngtganttac gg.cntagnct tdatintinnan 

incgagginnnn atnnannnitt ggananttinn trunnntcncn togcggingng incinngcc.g 

SEQ ID NO 115 
LENGTH: 8O3 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (803) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 115 

attcgc.gc.gt agc.ccgataa ctatagggcg 

Ctagna act a gtggat.cccc cqggctgcag 

gctggagtgg cct ttcagcc titttgttgact 

aaggcagc cc agatgtacca taactgtggg 

tctatogttgc ccatgctgga citcaaact ct 

tgagttcct agtagctggg act acaagca 

Ctttittattg atccagacct tattgcctgg 

tctggit cota acagaggaaa atc.ttgaccc 

tgggctingtg titt CCt ct at tctgggtc.ca 

canagnaaac caa.gct ct ct citctinncttin 

tnattinattin nggggatggn gttcggtc.gc 

t caatttaac cccacccingg gtcCagggat 

ngnncinncinc nnnconntnin inninggitttnin 

ninnconcCra nintencinn Coc 

SEQ ID NO 116 
LENGTH: 78O 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . (780) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 116 

cnn.nnnnn.cc cnntnattint acgc.cago cq 

gctggg tacc gggccCCCCC to gaggtoga 

actic ct cact togccagatgt gaccittaa.gc 

atctgtaaaa ggataaaggg aatat cataa 

tctictaagtt ttacatataa gtaga cagtg 

ttatttaata gitat ct ctac taaatttatt 

gtgg taatca cittctgctica tatttaac ct 

nttatttatt ttattittatt tognngagatg 

ngnagningng naancttgnt t cactgnaac 

gntcaa.gc.cn cctnagnagn toggnattaca 

acntggagnt 

gaatt cacgg 

gtttgtagtg 

aaaattaaaa. 

tagacaa.gca 

tgcaccacca 

taact tcCaC 

cacacct agt 

CCCtaaaatc. 

citt tott 

citcgttnaaa 

ningnnnnggg 

may be either a or g or c or t /u, 

cgtaattaac 

cggitat.cgat 

aagtgaactt 

attagnttgt 

totttcttgt 

gtgtaagatt 

ataagcataa 

cagcttgtct 

CCCCCCC 

gnacgantiac 

ccaccgcggit 

actaatcCt C 

aaatgtacac 

aaaaaaaaac 

atcct cqtac 

tgcCaggcta 

cactgttcct 

gcaactggat 

Cnatagatac 

cit citat that 

gngtgaaatg 

ccginnnnnnn 

CC 

CCt. Cactaaa. 

aagcttgata 

Ctgtgtgc.ca 

taagcct tag 

ttagtgaata 

a tactaatct 

tatagittitat 

tittcaa.ccc. 

Caggtncaag 

anncoagnta 

ggcggcc.gct 

tacagat citt 

acaagcc tac 

acagaac ct c 

cticagoctoc 

tgagaaagtt 

agctctgnt c 

agctitatingt 

to caactgct 

tnatggginna 

ggggaggcaa. 

la 

nann.nnnnt 

gggaacaaaa 

tcqaatticca 

cactgttitt c 

tittaataatg 

at Cattotta 

tgtttagtgc 

ttatatacca 

agggint.gngg 

ngatt ct cot 

nnnnggntnt 

72 O 

838 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

146 
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nngntingnna gginnincacan nngnc aggtn nint cqnct conngcc antina ctnnnnc can 

c ccc.nnngnn nnnnatanag natanican CCCnnnn incinnnnnnng gngganncon 

nntngcngnn anngnnannn nintennnnnnn ning gncinnng nnnnnnnn.cc nnnnnnccc.c 

SEO ID NO 117 
LENGTH: 8O3 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (803) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 117 

nnnnnnnnnc cnn.nnnnt to gnincgtaacn 

cc.gcggtggc ggcc.gcticta gaact agtgg 

gctittingtgt gtaaaaagta ttagaatcto 

ggaggaggga ttggagattg atgcgatagg 

attittittaat tittaatttitt atttnttgag 

gtgcagtggt gtgat Ctcag ct cacgggitt 

tagctgggat tacaggagcg cgccaccaca 

gacggggttt cac catgttg gttaggctgg 

Cttcggcct C C Caaagtgcc gga attacag 

gtggatttitt aaagaaattt agaagaatgt 

t catttncgg ttttittggat acccattttg 

ggttcattnt ngnttagttt gggtntttitt 

inctnctittnc Caanctggala agggaggagt 

t canttgttg cncnagaaat gcc 

SEQ ID NO 118 
LENGTH: 819 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (819) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 118 

tnccnnnn.cn nnnnnaattt trngcagnogc 

tggg taccgg gcc.ccc cct c gaggt cacg 

Ctctggcgac cctgcgctgt ggtggttctic 

ttgct cittct tccacc cc ct cqttggaagt 

cc cct tcc tit agnttagact tct coactgc 

attic ctdttt toagct coag toctogttcac 

gtgacactitc caaaccactt cct cqccctic 

ccittatttct gagaatgtct c toncatgtt 

ctittatt ccc toggat.cctica attgggttcc 

cgant cacta 

atc.ccc.cggg 

atgtttittga 

aatgtgaagg 

atggagt ctt 

caag.cgattic 

cc.cggntaat 

tctagaactic 

gcgtgagcga 

aacttggc.ca 

att ct coc 

nagtgtggnt 

taaaatcant 

may be either a or g or c or t /u, 

gtaattalacc 

gtatic gataa 

Calaccacact 

gttcc taagt 

to Calacatca 

agggcatttit 

Ctectictaaac 

ctaaactgaa 

catgtnc cqt 

tagggcgact 

Ctgcaggaat 

acalaggttgg 

gatagcttgg 

gctctgtctic 

tcc tigctgca 

ttninttgtat 

CCalacct Cat 

Ctgcacccgg 

gataccatgt 

inccactggat 

tctgctitatin 

accagaanca 

t cact aaagg 

gct tcccitcc 

cattctgctic 

gtttggcttg 

actggaaatc 

Cacctgctgg 

caggit ctitt c 

aactic ctagt 

tag tdtttct 

tggagct coa 

tcqatat caa 

Cagtgggttg 

ggtggattitt 

cCaggctgga 

gcct ccc.gag 

ttittagtaga 

gat.ccgc.ctg 

acccgittaat 

aaataagggin 

attagaatgg 

gaaattctitt 

gaacaaaagc 

cct tcct cag 

agctggct cc 

gcctcct citt 

tatggaattg 

CaCtt Coaaa. 

t to citaacett 

Caacticaca 

tggtaagnct 

660 

72 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

148 







153 

ttggaactico toganat catg atctgcctgc 

gggtgagcca CtgttcCtgg 

<210 SEQ ID NO 123 
<211 LENGTH: 453 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (453) 
&223> OTHER INFORMATION: where in 

unknown or other 

<4 OO SEQUENCE: 123 

cittagt ctdt intcgtagt ca tattaattgt 

t cittaatgtc. aaaactittga ttacacagtic 

tgggittaaat attic.ca.gcta t ctgaggagc 

tctic taccct ggccacacat tagaat cact 

tgagatatt c titact caatt taattgtgta 

tittctgttta ggaaccogctg. cct caagc ct 

gtaaggttgg tottacaggg gataalacaga 

gagagtttgg gtgginggittt ngnatttaat 

<210 SEQ ID NO 124 
<211 LENGTH: 369 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (369) 
&223> OTHER INFORMATION: where in 

unknown or other 

<4 OO SEQUENCE: 124 

gacacacatt cacacataat tatgaaag.ca 

gtttittaa.ca tagttaactgaat atttic cc 

atncaatctg gaagaagagc tatgaaaaaa 

titat gnacac attgttattt tat coctitaa 

gtaaaactac ttggaaaaaa nittaaaagat 

gcc.nctgtga titt tagtingg gntggittaaa 

gtgnggggg 

<210 SEQ ID NO 125 
<211 LENGTH: 516 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (516) 
&223> OTHER INFORMATION: where in 

unknown or other 

<4 OO SEQUENCE: 125 

gct cat catg Ctt cacgggg gaggctgtgc 

tgct cocgca Caggatagag aatgc.ccc.cg 

gagaatgc cc cc.ncacagca tagagaa.gc.c 
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Cttagcctico C caaagtgct gggattncag 

may be either a or g or c or t /u, 

aagtntacac taataagaat gtgtcagagc 

c ctittaaggc agttctgttt taaccc.cagg 

ttittingataa ttggacctica cct tagtagt 

tgggagcttt taaaactgta agctctg.ccc 

gtttittaaaa titc.cccagga aattctggta 

agcagnacag atatgtagga aattagct ct 

t cct tcc tta gnc cctdgga cittaat cact 

gac 

may be either a or g or c or t /u, 

ttitt caggca aaact caatic acaagtctgg 

ttggggggitt aaattittaga acagacgtnc 

acctagottg ggtnggittt C at agggtnca 

tnctagtaaa gaaatagaat citgaaaataa 

acagaaattt citat cittaaa tdatgtgtgg 

ancccagagg talagagnat inct ctatgct 

may be either a or g or c or t /u, 

gggaagaatg Ctc.ccacaca gnataaagaa 

Cacagcatag agaagcc.ccc gcacagcata 

ccc.gcacago atagagaatg ct citt cacct 

44 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

453 

6 O 

12 O 

18O 

24 O 

3OO 

360 

369 

6 O 

12 O 

18O 

154 



ctgggtttitt aaccagocaa 

tttctgtatc ttittaattty 

actaga atta agggataaaa 

gctaggitttt titt catagst 

cc.cccaggga aatatt cagt 

tgaaaatgct tt cataatta 

<210 SEQ ID NO 126 
<211 LENGTH: 121 
&212> TYPE: DNA 

155 

actaaaat Ca 

titt Cmaagta 

taacaatgtg 

cittct tccag 

taactatott 

tgttgttgaatg 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 126 

cagaggs Cma 

gttitt actta 

tgcataatga 

attgaatgaa 

aaaaacc cag 

tgttgtc. 
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cacat cattt aagatagaaa 

tttitcagatt ctatttctitt 

accctatgaa acmaacmmaa 

cgtctgttct aaaatttaac 

acttgttgatt gagttittgcc 

gtataatgca ggtgctataa ggtgagcatg agacacagat Ctttgctitt C Caccctgttc 

ttct tatggit toggg tatt ct tdt cacagta acttaactga tictaggaaag aaaaaatgtt 

t 

<210 SEQ ID NO 127 
<211 LENGTH: 18 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 127 

tggagactgg alacacaac 

<210 SEQ ID NO 128 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: oligonucleotide primer 

<4 OO SEQUENCE: 128 

gtgttggc.ca.g. g.gtagagaac 

<210 SEQ ID NO 129 
<211 LENGTH: 19 
&212> TYPE: DNA 

t 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: oligonucleotide primer 

<4 OO SEQUENCE: 129 

atct coggca ggcatat ct 

<210 SEQ ID NO 130 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 OO SEQUENCE: 130 

tgaaat caca gccalagatga 

<210 SEQ ID NO 131 
<211 LENGTH: 19 
&212> TYPE: DNA 

9 

<213> ORGANISM: Artificial Sequence 

24 O 

3OO 

360 

516 

6 O 

12 O 

121 

18 

21 

19 

21 

156 





CCat Caccitt 

acca attagc 

tttgttct tt 

ctaacaaagt 

ccttgcacta 

tcgcagtgga 

gatatgatag 

gattt cactg 

tittaalaccala 

gtattaactg 

agaatgggga 

cit cat cottt 

ttgc ctittgg 

tott cocaag 

c caaatticag 

aagttcaaatt 

gcc.cccagat 

gccagtalagg 

tgtatgatga 

ccacagcaaa 

gaagcaaaaa 

tgggcttgtt 

att CCatcaa. 

gactataacc 

caagattic cc 

ttggactittg 

ctgtgtcc ct 

gcc.cggaagt 

acactg.cgaa 

acggaact ct 

aattctgaac 

atggagaggt 

ttaaatgaga 

caat tott ct 

gcc agtctga 

taaattittgg 

tggattitt co 

gcct cotctg 

cagctctgtc 

aaagaatgtg 

tgagatgitat 

aaaaaaaaaa. 

<210 SEQ ID NO 134 
<211 LENGTH: 467 
&212> TYPE : 
<213> ORGANISM: 

PRT 

<4 OO SEQUENCE: 134 

Met 
1. 
Ser 

Arg 

Pro 

Glin 
65 
His 

Wall 

Lell 

Ala 

Wall 
145 
Wall 

Phe 

Wall 

Gly 

Thir 

Glu 

Glu 

Luell 
SO 
Asp 

Wall 

Ala 

Ile 

Luell 
13 O 
Met 

Ile 

Ser 

Asp 

Met 
21 O 
Luell 

159 

ttctactittg 

titt tatat ct 

aaatctgggg 

ggctggactt 

galaggaggtg 

cggtgcagaa 

tgctgtgc cc 

citct caggac 

toat Cttaala 

ttittcaggag 

gggCaggggt 

cittgttttco 

t ct caagcac 

acctgaggtt 

aaacagtaca 

accalaatt Ct 

t cott catt ct 

rtggtagcag 

titatgaatcq 

gcc caaag.cg 

aaaaaaaaaa. 

Homo sapiens 

Glu Lieu. Pro Ala Pro Lieu 

Asp 

Arg 
35 
Ser 

5 
Asn His Lieu Ser Asn 

Glin Glu. His Asn Asp 
4 O 

Asin Gly Arg Pro Glin 
55 

Glu Glu Glu Asp Glu Glu 

Ile 

Thir 

Tyr 
115 
His 

Thir 

His 

Phe 

Tyr 
195 
Ile 

Ile 

70 
Met Leu Phe Wall Pro 

85 

Ile Llys Ser Val Ser 

Thir Pro Phe Thr Gul 
12 O 

Ser Ile Lieu. Asn Ala 
135 

Ile Lieu. Lieu. Wal Wall 
150 

Ala Trp Lieu. Ile Ile 
1.65 

Ile Tyr Lieu. Gly Glu 
18O 
Ile Thir Wall Ala Lieu 

Ser Ile His Trp Llys 
215 

Met Ile Ser Ala Lieu 

ccacagatta 

agcatatttg 

aggacaaagg 

ttgcagottc 

cctatagaaa 

actaccagat 

cat cagcagc 

taccggittac 

ctacacgttg 

gtact.gtgag 

tccagct tcc 

cct ct ctittg 

tgacact cat 

gctittatcct 

gct attt citc 

gaatttgtag 

t ct ct cocac 

atggit cocat 

gtgctgtcag 

gtaga attaa 

a.a. 

Ser Tyr Phe 
1O 

Thr Val Arg 
25 
Arg Arg Ser 

Gly Asn. Ser 

Lieu. Thir Lieu 
7s 

Wall. Thir Lieu. 

Phe Tyr Thr 
105 

Asp Thr Glu 

Ala Ile Met 

Lieu. Tyr Lys 
155 

Ser Ser Lieu. 
70 

Val Phe Lys 
185 

Lieu. Ile Trp 

Gly Pro Leu 

Met Ala Lieu. 
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t cittgtacag ccttt tatgg 

cggittagaat CCC atggatg 

tgattitt cot gtgtc. cacat 

citt coaagtic titcct gacca 

acgattittga acatact tca 

ttgagggacg agg to aagga 

ttgacgc.gtg gtcacaggac 

Caagaggitta ggtgaagtgg 

aaaat Caac C. Caataattct 

galaga.gcagg caccagcagc 

ctittgattitt ttgctgcaga 

agt caagttca aatatgtaga 

taccgtctgt gattgcc att 

aaaagttitta acct caggtt 

atcaattctic tat catgttg 

acatacttgt acgct cactt 

acaag cagtic tttittctaca 

tatt citaggg tot tact citt 

c cctdctgtc. agacctt citt 

agalagagtaa aatggctgtt 

Glin 

Ser 

Lell 

Thir 

Ile 
14 O 

Lell 

Thir 

Asn 

Arg 
22O 
Wall 

Asn 

Glin 

Gly 
45 
Glin 

Wall 
125 
Ser 

Arg 

Lell 

Phe 
2O5 
Lell 

Phe 

Ala Gln Met 
15 

Asn Asp Asn 
3O 
His Pro Glu. 

Wall Wall Glu 

Gly Ala Lys 
8O 

Wall Wal Wall 
95 

Asp Gly Glin 
11 O 
Gly Glin Arg 

Wall Ile Wall 

160 
Lieu. Phe Phe 

17s 
Asn. Wall Ala 
19 O 

Gly Val Val 

Glin Glin Ala 

Ile Llys Tyr 

162O 

168O 

1740 

18OO 

1860 

1920 

198O 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

2792 

160 



225 
Lell 

Asp 

Glu 

Ser 

Ala 
3. OS 
Glu 

Ser 

Ser 

Lell 

Asp 
385 
Ser 

Gly 

Pro 

Thir 

Phe 
465 

Pro 

Luell 

Thir 

Ser 
29 O 

450 

Glu 

Wall 

Ala 
27s 
Thir 

Arg 

Glu 

Glu 

Pro 
355 
Gly 

Ile 

Asp 

Luell 
435 

Ile 

LOCATION: 

161 

23 O 

Trp. Thir Ala Trp Leu 
245 

Ala Val Lieu. Cys Pro 
26 O 

Glin Glu Arg Asn. Glu 

Met Val Trp Leu Val 
295 

Arg Val Ser Lys Asn 
310 

Ser Glin Asp Thr Val 
3.25 

Trp Glu Ala Glin Arg 
34 O 

Glu Ser Arg Ala Ala 
360 

Glu Asp Pro Glu Glu 
375 

Phe Tyr Ser Val Lieu 
390 

Trp Asn Thr Thr Ile 
4 OS 

Lieu. Thir Lieu Lleu Lieu. 

Pro Ile Ser Ile Thr 
44 O 

Lieu Wall Glin Pro Phe 

SEO ID NO 135 
LENGTH: 1964 
TYPE: DNA 
ORGANISM: Mus musculus 
FEATURE: 

NAMEAKEY: misc feature 
(1) ... (1964) 

OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 135 

accanacanc ggcagctgag 

agagaaggaa 

Cacatgagag 

tgct coaatg 

ggacagccac 

gcatgacagg 

Ctcaagacag 

agccaa.gcat 

CaCCat Caaa. 

Cacagaagac 

catgat cagt 

ctacaaggto 

gttcatttac 

agcact cota 

c ctitcgactg 

caagtacctic 

ggtggctgtt 

c caacacaag 

aaagaatc cc 

acagagatac 

tccagcagcg 

cagagacittg 

gtggtggaac 

gtcatcatgc 

t cagt cagct 

actgagactg 

gtcattgtca 

atccacgc.ct 

ttaggggalag 

atctggaatt 

Cagcaggcgt. 

CCC gaatgga 

titatgtcc.ca 

45.5 

gcggaalacct 

acagcagc cc 

aagaggttitt 

ctgcacctitt 

c catc.cggag 

acaac cct ga 

aagatgagga 

totttgtc.cc 

t citat accc.g 

taggccaaag 

titatgaccat 

ggct tatt at 

tatttaagac 

ttggtgtggit 

atctoattat 

cc.gcatggct 

aaggcc.cact 

235 
Ile Lieu. Ala 

250 

Lys Gly Pro 
265 
Thir Lieu. Phe 

Asn Met Ala 

Ser Lys Tyr 
315 

Ala Glu Asn 
330 

Asp Ser His 
345 
Wall Glin Glu 

Arg Gly Val 

Val Gly Lys 
395 

Ala Cys Phe 
41O 

Lieu Ala Ile 
425 

Phe Gly Lieu. 

Met Asp Glin 

aggctg.cgag 

titcgaggtot 

gttitt ctittg 

gtcct acttic 

ccagaatgac 

gcc-aatat ct 

ggalagacgaa 

cgtgaccctic 

galaggacggt 

agc cctdcac 

Cct Cotggtg 

ttcatct citg 

ctacaatgtc 

cgggatgatt 

gat cagtgcc 

catcttggct 

tcg tatgctg 

US 7,507,798 B2 

- Continued 

Wall 

Lell 

Pro 

Glu 
3 OO 
Asn 

Asp 

Lell 

Lell 

Lys 
38O 
Ala 

Wall 

Phe 

Wall 

Lell 
460 

Ile 

Arg 

Ala 
285 
Gly 

Ala 

Asp 

Gly 

Ser 
365 
Lell 

Ser 

Ala 

Phe 
445 
Ala 

Ser 

Met 
27 O 
Luell 

Asp 

Glu 

Gly 

Pro 
35. O 
Ser 

Gly 

Ala 

Ile 

Lys 
43 O 

Phe 

ccggcc.gc.cc 

ttaggcagct 

agalagg tatt 

Cagaatgcc C 

agccaagaac 

aatgggcggc 

gagctgacat 

tgcatggtcg 

cagctaatct 

tcqatcc toga 

gtc.ctgtata 

gcc.gtggact 

gcc atccact 

ct catggcc c 

gtgattt cag 

gttgaaa.ca.g 

24 O 

Val Tyr 
255 
Lieu Wall 

Ile Tyr 

Pro Glu 

Ser Thr 
32O 

Gly Phe 
335 

His Arg 

Ser Ile 

Lieu. Gly 

Thir Ala 
4 OO 

Lieu. Ile 
415 
Ala Lieu 

Phe Ala 

His Glin 

ggg.cgcggag 

tggaggagaa 

tctgtc.cagc 

agatgtctga 

ggcagcagca 

Cccagagtaa 

tgaaatatgg 

tcgt.cgtggc 

acacco catt 

atgcggc cat 

aatacaggtg 

tottt ttt to 

acgttacagt 

ggaaaggccC 

tgg tattitat 

tatatgattit 

Ctcaggaaag 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

162 



163 

aaatgagact citctitt coag ct cittatcta titcct caa.ca 

ggctgaagga gacccagaag cccaaaggag ggit acccaag 

alaga.gcggag agagagacac aggacagtgg ttctgggaac 

ggagtgggag gcc caaagag acagt cacct ggggcct cat 

agctgctgtc. Caggaactitt Ctgggagc at tictaacgagt 

agtaaaactt ggactgggag attt catttt ctacagtgtt 

alacc.gc.cagt ggagactgga acacalaccat agcctgctitt 

gtgcct taca ttactic ct gc ticgc.catttt caagaaag.cg 

catcacct to gggct cqtgt totactitcgc cacggattac 

c caacttgca ttc cat cagt tittatat cita gcc tittctgc 

ttctittgatt atcaaaaa.ca caaaaacaga gagcaa.gc.cc 

t cct gtgtcc ticagotaiaca aaggcaggac toccagctgga 

gtct Coctag ccaccc.gcac tactggactg. tigaaggaag 

ccaa.catcca t cqctgcagc agacggtgtc. cct cagtgac 

aatgtgctgg gccaaggagc tigc.cgtgctic tictagottt 

accc.gcactg tdaact ct ct aaggtaalaca aagtgaggtg 

<210 SEQ ID NO 136 
<211 LENGTH: 467 
&212> TYPE: PRT 
<213> ORGANISM: Mus musculus 
&220s FEATURE: 

<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (467) 
<223> OTHER INFORMATION: where X is unknown 

<4 OO SEQUENCE: 136 

Met 
1. 
Ser 

Glin 

Pro 

Glin 
65 
His 

Wall 

Lell 

Ala 

Ile 
145 
Wall 

Phe 

Wall 

Gly 

Tyr 
225 
Lell 

Asp 

Glu 

Thr Glu Ile Pro Ala Pro Leu Ser Tyr Phe 
5 1O 

Glu Asp Ser His Ser Ser Ser Ala Ile Arg 
2O 25 

Glu Arg Glin Glin Gln His Asp Arg Glin Arg 
35 4 O 

Ile Ser Asn Gly Arg Pro Glin Ser Asn. Ser 
SO 55 

Asp Glu Glu Glu Asp Glu Glu Lieu. Thir Lieu. 
70 7s 

Wall Ile Met Leu Phe Wall Pro Wall. Thir Lieu. 
85 90 

Ala Thr Ile Llys Ser Val Ser Phe Tyr Thr 
1OO 105 

Ile Tyr Thr Pro Phe Thr Glu Asp Thr Glu 
115 12 O 

Lieu. His Ser Ile Lieu. Asn Ala Ala Ile Met 
13 O 135 

Met Thr Ile Leu Lleu Val Val Lieu. Tyr Lys 
150 55 

Ile His Ala Trp Lieu. Ile Ile Ser Ser Lieu. 
1.65 70 

Ser Phe Ile Tyr Lieu. Gly Glu Val Phe Lys 
18O 185 

Asp Tyr Val Thr Val Ala Lieu. Lieu. Ile Trp 
195 2OO 

Met Ile Ala Ile His Trp Lys Gly Pro Leu 
21 O 215 
Lieu. Ile Met Ile Ser Ala Lieu Met Ala Lieu. 

23 O 235 

Pro Glu Trp Thr Ala Trp Lieu. Ile Lieu Ala 
245 250 

Lieu Val Ala Val Lieu. Cys Pro Lys Gly Pro 
26 O 265 

Thir Ala Glin Glu Arg Asn. Glu Thir Lieu. Phe 
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atggtgtggit ttgaatat 

aac cc caagt atalacacaca 

gatgatggtg gCttcagtga 

cgctic cactic ccgagt caag 

galaga CCC9g aggaaagagg 

Ctggttggta aggcct cagc 

gtagc catac tdatcggcct 

ttgc.cagc.cc ticciccatct c 

Cttgttgcagc cct tcatgga 

agittagaac a tigatgttt C 

gaggaggaga Ctggtgactt 

cittctgcagc titcct tcc.ga 

cgt.ct acaga ggaacggittt 

ttgagagaca aggacaagga 

gaccgtgggc atggagattt 

aac C. 

or other 

Glin Asn Ala Gln Met 
15 

Ser Glin Asn Asp Ser 
3O 

Lieu. Asp Asn Pro Glu 
45 

Arg Glin Val Val Glu 

Llys Tyr Gly Ala Lys 
8O 

Cys Met Val Val Val 
95 

Arg Lys Asp Gly Glin 
11 O 

Thr Val Gly Glin Arg 
125 

Ile Ser Wall Ile Wall 
14 O 

160 
Lieu. Lieu. Lieu. Phe Phe 

17s 

Thr Tyr Asn Val Xaa 
19 O 

Asn Trp Gly Val Val 
2O5 

Arg Lieu. Glin Glin Ala 
22O 

Val Phe Ile Llys Tyr 
24 O 

Val Ile Ser Val Tyr 
255 

Lieu. Arg Met Lieu Val 
27 O 

Pro Ala Lieu. Ile Tyr 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

964 

164 





aaactg.ccca 

tgttggacggit 

acgacccgga 

t ctittgagcc 

gcgtgaagct 

ccacgggcag 

tgtgtctgac 

c cat cacgtt 

acaccctggc 

tgcagggaat 

aagacttitt c 

cagotc.tttg 

cgct tcacgg 

gtggggagaa 

cc cctdgcac 

c caatgctitt 

ttnttocggc 

t cctint taga 

aaaaa. 

ggagagaaat 

tgg catgg.cg 

gatggaagaa 

tcc cittgact 

cggggactgg 

cct cotgctg 

cgggct catc 

ctic ccatcag 

titt cattgga 

titt Cottaala 

acaggaagca 

gag catc.cgg 

Ctgggtgctic 

gtc catgatg 

agt cacmctin 

aaaaaaaaaa. 

<210 SEQ ID NO 138 
<211 LENGTH: 448 
&212> TYPE : 
<213> ORGANISM: 

PRT 

<4 OO SEQUENCE: 138 

Met 
1. 
Arg 

Glu 

Ser 

Cys 
65 
Lel 

Lel 

Thir 

Lel 

225 
Lel 

Gly 

Luell 

Thir 

Gly 

Glin 
SO 
Ser 

Glu 

Ser 
13 O 
Ile 

Met 

Thir 

Asn 
21 O 
Wall 

Wall 

Ala 

Thir 

Ser 

Arg 
35 
Glu 

Gly 

Tyr 

Met 

Lys 
115 
Wall 

Ser 

Arg 

Luell 

Tyr 
195 
Phe 

Luell 

Phe 

Ile 

Phe Met 
5 

Luell Met 
2O 

Gln Gly 

Asn. Glu 

Wall Pro 

Gly Ala 
85 

Ile Wall 
1OO 

Asin Gly 

Gly Glin 

Wall Ile 

1.65 
Lieu. Phe 
18O 
Asn. Wall 

Gly Ala 

Glin Glin 

Ile Llys 
245 

Ser Wall 

Ala 

Ser 

Pro 

Glu 

Gly 
70 

Wall 

Glin 

Arg 

Wall 
150 

Lell 

Ala 

Wall 

167 

Homo sapiens 

Ser 

Ala 

Glu 

Asp 
55 
Arg 

His 

Wall 

Lell 

Lell 
135 
Wall 

Phe 

Phe 

Met 

Gly 
215 

Lell 

Asp 

gagcc catat 

aagctggacc 

gactic ctato 

ggctacccag 

gacitt catct 

aataccacgc 

cittgctgtgt 

titt tact t ct 

c total cat ct 

tgcagttgta 

aaataaagta 

titt cat cacc 

Cagcaggttt 

Catgagggct 

tggctggaga 

tcc ttgttat 

Ctgggragtg 

aaaaaaaaaa. 

Asp 

Glu 

Asp 
4 O 
Gly 

Pro 

Wall 

Ala 

Ile 
12 O 
Luell 

Met 

Ile 

Thir 

Asp 
2OO 
Met 

Luell 

Pro 

Luell 

tocctg.ccct 

c ct cost ct ca. 

acagttittgg 

gggaggagct 

tctacagtgt 

tggcctgctt 

t caagaaggc 

ccacggacaa 

gagggacatg 

tagttttaca 

cgtgtttact 

agactittggc 

atccagatga 

gagatgcc.ca 

ggaaaagcca 

tittattnccy 

gcttaatagt 

aaaaaaaaaa. 

Ser 

Ser 
25 
Gly 

Glu 

Pro 

le 

Asn 

His 

yr 
85 
yr 

Wall 

le 

Glu 

Wall 

Glu 
1O 
Pro 

Glu 

Glu 

Gly 

Met 
90 
Ile 

Thir 

Ser 

Ile 

Gly 
17O 
Ile 

Pro 

Met 

Trp 
250 
Ala 

Glu 

Thir 

ASn 

Asp 

Lel 

Lel 

Pro 

Wall 

Phe 
55 

yr 

le 

le 
235 
Ser 

Wall 
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gatatactica totgc catgg 

gggtgcc ct c 

ggagcct tca 

ggaggalaga.g 

cgtggcc at C 

CCtggtgcgg 

gtgtgccaca 

ctic tagtgcc 

tggtgaggag 

tcc.cgctittg 

actgaga agg 

aagagtgtgc 

gttcc ctacg 

ttanaaactg 

aarat Calata 

aaaaaaaaaa. 

Phe 

Ser 

Phe 

Lel 

14 O 
Lel 

Lel 

Lel 

Lel 

His 
22O 
Ser 

Ala 

Lell 

Wall 

Arg 

Ala 
45 
Asp 

Glu 

Wall 

Wall 

Thir 
125 
Asn 

Wall 

Ile 

Gly 

Lell 
2O5 
Trp 

Ala 

Trp 

Ser 
3O 
Glin 

Arg 

Glu 

Pro 

Arg 
11 O 
Glu 

Thir 

Wall 

Met 

Glu 
19 O 
Luell 

Luell 

Wall 

Pro 

cagct cocct 

taccc.cgaag 

gaggaaaggg 

aaggcggctg 

ct cattggct 

c tocc catct 

cc.gttcatgg 

ggctgcaa.gc 

atatatttitt 

gaggcagaac 

gggagcgc.ct 

t cagattagg 

tCgggagtgg 

aggagtgttc 

at cottt 

aanagntgag 

aaaaaaaaaa. 

Asp Glu 

Cys Glin 

Trp Arg 

Tyr Val 

Lieu. Thir 
8O 

Wall. Thir 
95 

Phe Tyr 

Asp Thr 

Lieu. Ile 

Leu Tyr 
160 

Ser Ser 
17s 
Wall Lieu 

Thir Wall 

Gly Pro 

Met Ala 
24 O 

Ile Lieu. 
255 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

21OO 

216 O 

222 O 

228O 

2285 

168 



Glu 

Phe 

Trp 
385 
Lel 

Lel 

Luell 

Pro 
29 O 

Glu 

Glu 

Glu 

Tyr 
37 O 
Asn 

Thir 

Ile 

Wall 

Arg 
27s 
Ala 

Luell 

Met 

Wall 

Glu 
355 
Ser 

Thir 

Luell 

Ser 

Arg 
435 

26 O 
Met 

Luell 

Asp 

Glu 

Phe 
34 O 
Glu 

Wall 

Thir 

Luell 

Ile 
42O 
Pro 

<4 OO SEQUENCE: 

31 

Lell 

Ile 

Pro 

Glu 
3.25 
Glu 

Glu 

Lell 

Lell 

Lell 
4 OS 
Thir 

Phe 

SEQ ID NO 139 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: oligonucleotide primer 

139 

Wall 

Ser 
310 
Asp 

Pro 

Arg 

Wall 

Ala 
390 
Lell 

Phe 

Met 

169 

Glu 

Ser 
295 
Ser 

Ser 

Pro 

Gly 

Gly 
375 

Ala 

Gly 

Asp 

Thir 
28O 
Ser 

Glin 

Luell 

Wall 
360 

Phe 

Wall 

Luell 

Thir 
44 O 

265 
Ala 

Ala 

Gly 

Asp 

Thir 
345 

Ala 

Wall 

Phe 

Ile 
425 
Luell 

ggtaccgc.ca C catgacaga ggtacctgca C 

<4 OO SEQUENCE: 

25 
SEQ ID NO 140 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: oligonucleotide primer 

14 O 

gaattic actg gctgtagaala aagac 

<4 OO SEQUENCE: 

24 
SEQ ID NO 141 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: oligonucleotide primer 

141 

ggat.ccggtc. cactitcgitat gctg 

<4 OO SEQUENCE: 

tttitttgaat t cittaggcta toggttgttgtt coa 

33 

19 

SEQ ID NO 142 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: oligonucleotide primer 

142 

SEQ ID NO 143 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: oligonucleotide 

Glu 

Wall 

Luell 
315 
Phe 

Tyr 

Gly 

Ala 

Ile 
395 
Lys 

Tyr 

Ser 
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Arg 

Trp 
3 OO 
Glin 

Gly 

Pro 

Lell 

Thir 
38O 
Lell 

Ala 

Phe 

His 

Asn 
285 
Thir 

Lell 

Glu 

Gly 

Gly 
365 
Gly 

Ile 

Lell 

Ser 

Glin 
445 

27 O 
Glu 

Wall 

Pro 

Pro 

Glu 
35. O 
Asp 

Ser 

Gly 

Pro 

Thir 
43 O 
Luell 

Pro Ile 

Gly Met 

Ser Tyr 
335 
Glu Lieu. 

Phe Ile 

Gly Asp 

Lieu. Cys 
4 OO 

Ala Lieu 
415 

Asp Asn 

Tyr Ile 

170 



171 

<4 OO SEQUENCE: 143 

gattagtggt tdttttgtg 

<210 SEQ ID NO 144 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 

<4 OO SEQUENCE: 144 

gattagtggc tigttttgtg 

<210 SEQ ID NO 145 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 145 

tttitt.ccago tot cattta 

<210 SEQ ID NO 146 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 146 

ttttitccagt tot cattta 

<210 SEQ ID NO 147 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 147 

tacagtgttctggttggta 

<210 SEQ ID NO 148 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 

<4 OO SEQUENCE: 148 

tacagtgttctggttggta 

<210 SEQ ID NO 149 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 

<4 OO SEQUENCE: 149 

tacagtgttg tdgttggta 

<210 SEQ ID NO 150 
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19 

19 

19 

19 

19 

19 

19 

172 



173 

LENGTH: 1092 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (1092) 
OTHER INFORMATION: where n may be either a or g or c or t /u, 
unknown or other 

SEQUENCE: 150 

gtctagataa gncaac attic agggg tagaa 

Cttaaagagt gagaaaaatt titccCaggaa 

gttcatacca agttacaa.cc ccaca accitt 

attaccgtgc titggcttggc titggt cagga 

ggaacccalaa caatticagga ttctg.ccctic 

aaactaccag caggcactgc tacagcc cat 

atgacagota gttactgttt coatgtaatt 

tagagctgta act tcc actt tot cittgaag 

cagagaatga tigatggcggg ttcagtgagg 

ggcct catcg Ctctacacct gag to acgag 

tcgctggtga agacccagag gaaagnatgt 

c ctittagg ta gctacattat caacctttitt 

ctaattictat atcacatgta acttittattt 

ttttittttitt tttitttittitt ttttingginga 

gcaatggtgc gat Cttggct cactgaaagc 

Ccticago'cnic ccalagtagnt gggactacag 

ggntttittag tagagatggc gttt Caccan 

natcatgatc tdoctogcc tt agcct cocca 

titcc tdggcc tic 

SEQ ID NO 151 
LENGTH: 1.OO3 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) ... (10O3) 
OTHER INFORMATION: Where in 
unknown or other 

SEQUENCE: 151 

Ctgcagtgag cc.gagatcat gctgctgtac 

Ctcc Caaaaa aaaaaaat at taattaat at 

taaggattitc ttagkacaag tectgggitat 

acttaytatt gttattgata aataa.cagca 

acatagaatc toggnactic ct attgtagnaa 

ctaattttgt at at cattta citgacttct c 

at atttittga attgttgaaat catancaaag 

t cct ttt tag ggggagtaaa acttggattg 

ggtaaagcct cagcaa.ca.gc cagtggagac 

ggggactgtt 

tcc.cggtgga 

agagcttittg 

ttcaccacca 

aggaaataaa 

gctttgttggit 

ttcttaaagg 

gcacagWaag 

aatgggaaSc 

ctkctint cca. 

t catt citcc. 

gagaataaaa 

ggatatat ca 

nagagtictog 

t coacc.ccc. 

gggtgcgc.ca 

Cttggingcag 

aagttgctggg 

may be either a or g or c or t /u, 

tccagcctgg 

gatnaaatga 

aalactatana 

gcatctacag 

accc.cnmmag 

t catt cattg 

agtgaccaac 

ggagattitca 

tggalacacaa 
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tatt t t t t c c 

ctittgct tca 

ttaggaagag 

gagt catgtg 

ggagaaaata 

tta agggc.ca 

tattalaattit 

ggagt cacala 

cCagrgggac 

ggractitt.cc 

attittcaaa. 

tgaattgaga 

gtaat agtgc 

citctgtc.gc.c 

gggttcaagt 

ccacgc.ctgg 

gctggtcttg 

attncagggg 

gcc acagagc 

tgccitat citc 

titcratagat 

ttalagacticc 

aaagaaaa.ca 

tggggttgag 

tttittaatat 

ttittctacag 

c catagoctd 

tittagt citct 

c cact catag 

gCttggtggg 

ggagggggtg 

gctgttggat 

gctagttaca 

ttctaaatat 

gacactgttg 

ant catc tag 

ancagtaticc 

gtcatggatt 

gtgttacagt 

tttittynttit 

aggttggagt 

gattct cotg 

gataattittg 

gaact cotga 

tgagccactg 

caaactic Cat 

agaattcttg 

gnogattatt 

agagt cagtic 

Cagctgaagc 

tagggcagtg 

ttgtaac citt 

tgttctggitt 

titt cqtagcc 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

1092 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

174 
























